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PREFACE I
The symposlim which is the subject of this report was conceived during a meeting of

the Technical Programme Comittee of the Aerospace Medical Panel of MIAR) in October. f
1966. The aim vas to bring together clinicians. pisiologists. engineers and operators
to exchange informatioc and ideas on aero-medical aspects of z currently highly topical
field of operations. From what was initially considered a basis for a possible two-day
meeting there sprang a packed programme for three working days. and even then sowe
papers bad to be curtailed, or declined and discussion curbed.

If enthusiasm of participants is a measure of success, this meetin_ must be regarded

as outstanding. As project officer I am personally deeply grateful to all who took
part for their kind forbearance in tailoring their presentations in accordance with my

suggestions. It is hoped that the outcome was a successfully balanced programe.

So far as this published account is concerned, I an indebted to all those authors
who so kindly co-operated towards its relatively speedy production. I have taken

liberties here and there with the tezt - I hope that the results are acceptable.

The discussion sessions after each paper are recorded in sunmary from my notes. If

speakers are misinterpreted or misrepresented this fault is entirely mine. In the

interest of speed I nave not submitted drafts to speakers or used direct transciptions
from tape-recordings. I trust that the results are au acceptable version .f the

actual discussion.

Finally I must thank not only all the session chairmen. speaker: and discussion
participants, but elso all those members of the AGARD ard RAF Institute of Aviation

Medicine staffs who have worked so hard in typing manuscripts, preparing translations.
re-drawing illustrations and performing the myriad other tasks without which publication

would itot have beer, possible.

D. I. Fryer
Wing Commander

Chairman, Editorial Committee

Aerospace Medical Panel

Project Officer
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OPENING ADDRESS

Dr W.P.Jwoes. the Director of AiD. opened the meting 1W exglain-ng briefly the
origins of the project and its ais. He was delighted to see xo ma Cemtrits
represented and hoped that all present would enjcW the progrme. which looked
extremely interesting.

He took pleasure in introducing iajor General Strmberg. NP. &hose presence was
4a valuable indication of the interest shewn in the meting tW the Military Comittee

of NATO.

WELCOME ADDRESS BY MAJOR-GENERAL STROMBERG

"Gentlemen:

In welcoming you In the name of the NATO International Staff, our hosts, and on
behalf of the Military Committee which I am representing here at the NATO Council,

I have the honour to address mself to you as the leading personalities of the NATO

nations in the field of Aerospace Medical Science.

The results obtained already in the past, by AGARD as a whole, have demonstrated

that the particularly flexible working systen of the various Panels, representing and
making use of the individuality and freedom which are precious and necessary to the

scientist, gives to those who are responsible for defence, the best scientific advice

and the chance of exploiting its i~mediate or future possible applications.

However, AGARY s activities are not limited to studies for the exclusive and direct

benefit of the higner Military Authorities. It is indeed this fleribility which

enables you to offer your brilliant scientific knowledge and inspiration to all the

other NATO bodies involved in defence research.

May I recall here the recent resolution of the National Delegates Board of AGARD,

endorsed by the Military Committee and brought to the attention of the North Atlantic
Council (MM0-137-66, dated 1 November 1966) which stresses that from our side, whilst

maintaining AGARD's efficient structure and working principles under the negis of the
Military Committee, we are endeavottring not only not to lose but even to increase the

harmony which always governed the fruitful co-operation between AGARD and other NATO

bodies concerned.

As regards your symposium today, ay I assure you that your discussions will be

followed with the highest interest. In fact, this is the first time that the entire

medical aspect of tactical helicopter operations will be studied in the light of

recent experiences made by a large number of countries here represented.

vi
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I am especially grateful that such a study Is being umdertaken by AGARD which has
already produced, a year ago. a verv concire report on the tactical sspect of helicopter
development.

7here certainly exists an inter-relationship between the conclusions of both this
technical report and your studift and it might well appear that the outcome of these
two exercises. complementing each other, would stimulate the concept of the desitners
as well as of the users of helicopters.

The detailed preparation and. I an sure. the most useful results NATO can expect from
your symposium, will put into the right perspective once more AGARIs ability and
capability in the field of defence research. In leaving somewhat aside this time the
pure 4space" aspect and coming down to the "ground", which applies to a number of
specific problems concerning Army Aviation, you rill give also another example of
AGARD s flexibility and its willingness to contribute to NATO Defence wherever feasible
and possible.

In closing, permit me to convey the Military Committee's wishes for a profitable
meeting. On its behalf. I would like to assure you of the interest it has in your
work and I wish you a complete success in the accomplishment of your mission."

2iIl
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US ARMY HELICOPTERS AS PERSONNEL

AND MATERIAL CARRIERS

Colonel R.L.Cody

Aviation Directorate, OACSFOR
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RESUME

L'utilisation des hilicopt~res au Vietnam - leur r8le d'appui.
dans le domaine de is mobilitd tactique, do reconnaissance et de
surveillance, do puissance de feu, de logistique, et do commandouiont
et de contr8le. V' influence do is, nature du terrain et des conditioi
indtdorologiques sur leur eimploi. Les h~licopthres sort utilisis
pour use gamne varido de missions connexos tolles quo 1e soution
d' avant-postos isoids ot 1'aide & la guerre psychologique grico au
largage de tracts ot au transport de baut-ptrleurs.



I

* 3

fj

US ARMY HELICOPTERS AS PERSONNEL
AND MATERIAL CARRIERS

Colonel R.L. :dy

I hope today to be able to give you an appreciation of the extraordinary develop-

ments we are exveriencing in Vietnam in the application of helicopter capbilities to
the conduct of laed combat by the US Army.

I shall present this subject in these five phases*

1. Combat environment.

2. Helicopter employment in Vietnam.

3. Tactics and techniques.

4. Associated helicopter missions.

5. The nature of the US Army helicopter effort in Vietnam.

THE ENVIRONMENT

With respect to environment, I feel sure that most persons present are generally
familiar with the area so I will emphasize only those aspects which most affect

helicopter operations.

South Vietnam is marked by three general types of terrain, the Mekong Delta area,
the Coastal Plain and the Central Highlands. The open rice paddies and small amount
of vegetation in the delta region facilitate the selection of landing zones, both

primary and alternate. However, the lack of obstructions makes it easier for the
enemy to fire ca our aircraft with their automatic weapons. The coastal plains have

many of the characteristics of the delta region, however, landing zones often are more
difficult to locate. Roads are fewer and more poorly maintained. Eas.-west ridges

extend from the inland mountains to the shore making north-south land movement extremely

difficult. The central highlands terrain presents the greatest hazards to airmobile

operations. Rugged mountains coupled with vast areas of jungle severely limit the

selection of suitable landing zones. The high trees surrounding landing zones present

real hazards during approaches and departures.

The weather of Vietnam stems from two monsoon cycles; the Northeast and Southwest.

The Northeast monsoon season occurs generally between the months of September and
April. It brings the wet season to the coastal plains and the dry season to the delta

and highland regions. Heavy clouds along the coastal mountains restrict air movement

in that area while hot, dusty conditions exist in the delta and highlands. Conversely,
the southwest monsoon, which occurs from April to September, is marked by low ceilings

*1_
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and poor visibility most of the time in the eentral highlands. frequent reduced
visibility in the delta and generally good weather along the coastal plains. Ve

have gained a groat deal of experience over the past year and a half and can now
operate successfully under much worse conditions than previously.

THE ENENY

In general the Vietcong (VC) and the North Vietnamese Army soldiers are tough.

tenacious and ingenious. They fall into three categories with respect to their

overall effect.veness. At the top of the scale are the North Vietnamese Army
soldiers. They are -ell trained, well equipped and are better organized and led

than the Vietcong. They possess more antiaircraft automatic weapons in their units

than the VC and are adopt in their location and employment. Next in the scale are

the hard-core Vietcong. They are organized into military-type units; however, their

weapons snd equippent are inferior to those in North Vietnamese Army units and thus

limit their overall effectiveness. They are particularly well trained in guerrilla

tactics and are ingenious in their use of Mines, booby traps and other field
expedients. At the end of the scale are the local Vietcong cells or units. They

lack adequate arms and equipment to make them effective as military units; however.

they excel in guerrilla actions such as ambushes, sabotage and acts of terrorism.
All of the enemy forces have the distinct advantages of being thoroughly familiar

with the terrain in which they operate, and they are physically well adjusted to the

climate. As a result, they are able to make the best use of the terrain by selecting

the most advantageous time and place for offensive actions and, when desiring to

escape being trapped, can cover great distances in areas where detection is next to

impossible. For these reasons, the tactical mobility of allied forces in Vietnam has

become an absolute essential and the helicopter has done much toward giving us that

mobility.

THE USE OF HELICOPTERS

The use of tne helicopter as a personnel and material carrier in the US Army has

been designed to meet the mission requirements of what we consider to be the five

major functions of land warfare. These are:

1. Tactical Mobility.

2. Fire Power.

3. Reconnaissance and Surveillance.

4. Logistics.

5. Command Control.

Our fundamental consideration in developing Aviation organizations and the techniques

for their employment has been to assign aircraft and their operators at the lowest

possible command level, so that they will be readily available and quickly responsive

to the needs of the ground commander. With this in mind, we have designed certain

helicopters with the flight capabilities to fit the requirements of the five major

funtions of land combat. We also have organized these helicopters in units which are

designed to give the rapid responsiveness the ground commander needs.



In reolating the use of the various helicopters in the five functions of land warfare
I would like to illustrate with film from Vietnm the versatility of several .f the
aircraft in that they are used to accomlish two or more of these functions.

The execution of airmobile operations requires careful planraing. meticulous coordina-
ti. - and close coemand control.

In discussing the techniques of US Army airmobile operations I must emphasize that

helicopter emloyment is geared directly to the plans and needs of the ground commander.

In the Planning und Reconnaissance phase, the ground comander develops a tentative

plan to accoalish the mission assigned him. This is usually done on the basis of a
cap reconnaissance with the assistance of the aviation comander. Tentative landing
zones are selected and plans are made for pickup of troops at the forward operating

base. loading and unloading, fire eupport, communications and command arrangezents.
This is followed up by a reconnaissance by helicopter, during which the ground commander,
air commanier and air- or artillery-liaison officer confirm plans already made or make
changes to the plans which actual viewing of the terrain may dictate. Upon return
from the reconnaissance, appropriate comanders confirm arrangements for fire support

by tactical air, armed helicopters and ground weapons such as artillry und mortars.
Plans for the air movement phase are confirmed to include take off time, loading time,
tiae for the prestrike on the landing zone, landing time and the requirements for

follow-up delivery of weapons. ammunition and supplies. Communications procedures are *1
agreed upon and published.

On the day of the airmobile operation the aircraft are assembled at the forward

operating base in time to load troops and equipment and take off at the agreed time.
The flying time to the landing zone has been carefully calculated so that the aircraft
formation arrives at the landing zone at the exact time the air or artillery preparatory

fires terminate. Armed helicopters escort the troop carrier aircraft into the landing
zone and deliver suppressive fire on the edges of the landing zone while the troops
are unloading. Special medical evacuation helicopters usually accompany the formation

and stand-by in the event there are casualties requiring evacuation.

After all troops and weapons are delivered to the landing zone the armed helicopters
are often kept on station directly overhead to deliver immediate fire support for the

ground combat units. Aero medical helicopters also often remain in the area during

the early stages of the operation, and then later go on a standby basis at the forward

operating base to be called in as required.

Should the operation fail to make contact with the enemy, new plans are made and

the troops are shifted to a new area of operation to continue the search.

Up to now I have discussed only preplanned operations in which a deliberate planning

and reconnaissance process was followed. There have been numerous instances of "

immediate reaction in which large numbers of troops have been rapidly moved in res-

ponse to intelligence on enemy activities or in reaction to actual enemy attack on

friendly units of outposts. In cases of this type planning and reconnaissance steps

are compressed in time so that reaction is nearly immediate. Success of this type

operation depends on good communications and understanding on the part of all partici-

pants of standing operating procedures for airmobile operations.
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Upon termination of the operation, helicopters recover troops. weapous and supplies

from the battle area and return them to base camps.

SPECI.AL NISSIONS

Now a few brief comments on other special missions accomglished by our helicopters

in Vietnam.

One of the most appreciated types of support is that given to Jsolsied Allied out-

posts of various types. 1hese camps are located manv miles from centers of population
and have no surface means of transporting supplies, personnel and mail. If it were

not for the frequent helicopter flights which reach them easily, they would not be

able to accomplish their mission.

Another major collateral mission is the support of consolidation operations. These

operations are primarily the responsibility of the Vietnamese and are designed to re-

establish friendly control over large areas and a great number of the population

previously under control of the Vietcong. We support the military operations that

cause the Vietcong to leave the areas; we position friendly forces that insure local

security and we airlift the special advisory teams such as medical, agricultural,

commerce, and construction that aasist the liberated villagers in restoring order and
prosperity to their areas. Local and National officials are transported so as to

supervise the accomplishment of these tasks.

In recent months Allied forces have been increasingly successful in implementing

the 'Vhui Loi" or "Open Hand" program. This program is designed to encourage members

of the Vietcong to lay down their arms and to join the side of freedom. Our helicopters

have given outstanding support to this program by mounting loudspeakers for transaitting
messages to the Vietcong wherever they are or by dropping leaflets which inform them

of the advantages of joining in the Open Hand program.

I have generally covered the specifics of our airmobile concept and the functions

our helicopters perform. The means with which we accomplish this mission include

helicopters organized into various types of units, such as air cavalry, utility,

medium cargo or heavy lift helicopter companies. Each is designed to accomplish a

specific task and is assigned to support those ground combat units having the highest

priority at any given time. Their speed, range and versatility allow them to be

shifted quickly and effectively fj'om area to area thus responding to the actions of

the enemy or in accordance with the plans of ground commanders.

To give you an insight into the scope of these operations, I would like to quote a

few statistics.

During the months of January and February 1967 our helicopters flew approximately

180,000 hours in the performance of our 600,000 sorties. We carried over 70,000 tons

of cargo and lifted over 870,000 troops. To do this each of our pilots averaged

90-110 flying hours per month and many of them flew as much as 130-140 hours. Such

accomplishments are unprecedented in US Military history.
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I recognize that this has been a fairly limited view of the use of US Army hrlicopters

as personnel and material carriers in Vietnam. However. I trust it has given a fairisi
insight into these operations as a means of measuring the problems and requirements

inherent to organ.zing, training. deployin. and supporting the organization required to
accomplish these missions. Subsequent presentations in this symposium will address
many of the problems of safe operation, pilot training, fatigue, motivation and

operational techniques - all of which relate closely to successful mission accomplishment.

'I
DISCUSSION

Wg Cdr Eley, congratulated the speaker on the excellence of this overall review of

US Army equipment and techniques. He noted that in an illustration of the attachment

of a heavy under-slung cargo to the heavy-lift helicopter, no head protection was worn.

Was there not a very severe degree of turbulence due to down-wash below such a large

rotor disc, and was there not a danger of head injury?

Col Cody replied that the turbulence war in fact less than that below the tandem-rotor

Chinook helicopter, and that this particular 'flying-crane' type machine was generally
operated from reasonably well-prepared areas. Head protection was clearly advisable

but was extremely difficult to provide. Ng Cdr Fryer stated that the RAF had under

development a one-size protective helmet and Capt Perry confirmed that samples had been

received by the Army Air Corps. Col Cody expressed interest in this development and

emnhasised the difficulties even with multi-size aircrew helmets in the achievement of

adequate fit.

Col Krlebel asked whether night operations were widely used in Vietnam. Col Cody stated

that they were severely limited by lack of adequate navigational techniques and the

hosttle mountainous terrain. It was felt that it was too hazardous to attempt to land

pathfinder teams to set-up landing zones in the face of the type of enemy disposition

encountered.

Wg Cdr Eley expreoed surprise at the ment.ion of operating figures for pilots of as

high as 130 to 140 hours per month. He asked whether there was much evidence of fatigue.

Col Cody replied that fatigue was sometimes a problem - it would be dealt with later in

the programme. Ideally he would like to see a limit of 90 hours per month set for

aircrew on operations.

U
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RAF EXPERIENCE OF HELICOPTER OPERATIONS IN BORNEO

by

Wg Cdr D. Eley, RAF

Chief Flying Instructor. School of Army Aviation.

Middle Wallop, Hants., UK
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RESUME

4 Conditions gdndrales &affronter.

R6le des h~licopt~res dans le soutien des forces terrestres.

Conditions ope-rationnelles: terrain, conditions mdt6Drologiques.

Problnes de racherches et de sauvetage, atterrissages brutaux.

Thches aux altitudes 4levdes.

Certains probl&es posds an pilate dt hdlicoptire au cours d' opdrations
dans la Jungle: navihation. communications, langue, stress thermique,brlrsprcnat netse aais
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I
RAF EXPERIENCE OF HELICOPTER OPERATIONS IN BORNEO

Wg Cdr D.Eley. RAF

A BRIEF HISTORICAL BACKGROUND TO CONFRONTATION

Likc earlier political lead3rs of Indonesia. Dr Soek-mrno's drem wr .o unite all
the islands of that Archipe]ago to form a Greater Indonesia.

After the failure of the internal revolt in Sumatra in 1959 he gradually gained
sufficient power to, absoro West Irian; this he achieved by August 1962. After this
success he turned blis attention to swallowing up the remaining part of th-! Island of
Borneo. He was assisted by '6-ihari, the Brunei political leader, who, with the help
of Indonesian traijred cadres, initiated a revolution in December 1962. The uprising
was soon suppressed, however, by British troops rapidly deployed from Singapore.

The Confrontation Campaign which then followed was directed iaitially against the
formation of, and subsequently against, the Federation of Malaysip. In Borneo it took
the shape of sporadic incursions across the ill-defined 1000 mile bnrder dividing the
Malay states of Sabah and Sarawak from Indonesian Kalimantan. Later I z was stepped
up and both parachute drops and sea-borne landings were made at various places on he

Malayan mainland, notably in Johore State.

THE DEVELOPMENT OF HELICOPTER OPERATIONS

Naval and RAF helicopters, later supplemented by Army helicopters, were committed
to supporting the ground forces patrolling the border and defending strt~tegic points.
Of necessity, the troops were very zhinly spread with many patrols cov ,iating of
only four or five men with a frontage of several mJles to police. T1,e r role was
really that of a trip-wire and their task was to see the enemy and radio hack
information without themselves being detected. Without helicopter suppo:" to move
men and supplies this operation would have needed many times the number o. troops.
or taken many more years to complete.

To give a typical, first hand, instance of the initial effort - I was at the time
commanding No. 110 Squadron equipped with Sycamore helicopters at Butterworth in
North Malaya. On Christmas Eve, 1962, shortly after the Brunei revolt, a detachment
of three Sycamores was air-lifted by Beverley transports into Labuan in Sabah. On
the following day they commenced operations.

Soon the pilots were flying throughout all hours of daylight in a strange country,
out of radio contact, with very limited distribution of fuel stocks and with very
crude maps.
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Folloing cur experiences in Walaya certain "knom" rou.te were adhered to at the

expense of extra flying tue to aid cFearch and Rescue operations in the evet of a

crash. New pilots were -checked out" along these routes and later used them as base

lines from which zo explore new areas. Ore Jungle Is such like another bet In con-

trast to the =.y sall helicepter clearings in ValaK. amst of the early sites used

in Worneo were -village' football pitches. I never saw any football bat. luckily for

us. I gather that the people of the "b1g houses" boasted of their pitch as some kind

of status M'bol.

Vith the a--rival of the Uirlsind N. 10 four months later, larger payloads md

longer sorties becme possible. IP md 1P radios provided better range but even so.
~once out of line of sight. radio contact was lost. A st-ronS plea wassade for HPF-SBB

radios and thrs-e were eventually fitted to all hiiewunds - finally giving a very

good radio cover for the whole operation.

As the incursions increased in size and frequency ad were better organised the

number of Uhirlwir4%. Etelvederes and other service helicopters was also Increased.

After one or tmo had been shot at. extra precautions were taken:- fluorescent vaint

marklfags were removed. flak-vests" wore Isa-ea to pilots and 9chine guns and

gunners were carried. en perating near the border. two pilots wore crewed in case

one was incepacitated and Ytere possible aircraft flew in p6irs. At first pilots

were dirided over wbether to wear their flak-rests ir sit on them. Later we were

issued with slabs of armoured plate for the seats.

Clearirngs bee=e most ihortant - for, as the struggle developed the ground forces

wished to be dropped or lifted =cb nearer to the border !in order to effect a

"cut-off" after an incursion or to carry out a aick patrol in a swspected area.

Clearings were therefore cut al along the border.

Deploy ent was a problau - in order to facilitate servicing and to ensure a correct

priority for tasking, all our aircraft cperated out of Lasuan. This also meant that

the aircrews had the benefit of a higher standard of messing arvd accooodation. On

the other hand. this was wteful of aircraft hours because of the long transit tines.

Later to reduce "reaction tine", forward bases were set up and the aircraft operited

frr- these until due for their next scheduled servicing. Aircrew lived with locnl

Amy Units. in improvised cips or in long-houses.

Fuel probleas - were overcome by having fuel supples para-dropped or air-lifted

by fixed wing into the clearings or strips to provide geographically spaced stocks

covering the areas most comonly used. For tasks off the norsal routes fuel was

either dropped or lifted In by under-slung load frc2 helicopters.

GENERAL OPERATING CONDITIONS

Usually a jungle mist covered the valleys and low plateaux until about 0830-0930

in the rooings. Ihis then burned off to give clear skies until approximately

1330-1430 hours, after which time a Cumulus build-up occurred, covering all high

ground and possibly giving rise to thunderstorms with torrential rain later in the

day. It was therefore essential that the best possible use was made of the excellent

4 ~flying conditions between 0900-1400 hours. On a troop-lift there could well be a
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requirement for six or seven journeys with three or four aircraft between the two

locations, and therefore every endearour was made to achieve a minimum tururound time.
Originally. because of the fire risk, it was mandatory to stop engines when refuelling,

and a turaround insrection wss necessitated. This meant delays of up to 30 minutes
conared to only about 4 minutes when, later, refuelling with engines running was

authorised.

Apart from visibility and heat problems, when the weather had been dry for more than

a few hours dust was picked up by the rotor down-wash mad covered everything, whereas

in wet weather, rind took its place.

On the ground flies and leeches abounded but did not prove a serious problem.

I IGN ALT!TLDE OPERATIONS
Helicopter clearings, such as I described earlier, were usually cut on a hill top

or ridge rather than in a valley. In this way a minimum number of trees had to be

felled and the approach and take-off routes were safer. This practice was also used
when we were tasked to support an Army survey team fixing certain knoxi points in
r.-latioc to one another so that a series of aerial photographs could be used for the

production of better maps. The pin-points for the ground survey were, of necessity.

on the highest available features, some almost inaccessible due to their shape, the
presence of trees, or bott. The technique then used was to lower a man with a power

asaw. by winch. ont,- a ledge or through the nearest gap in the trees. He would fAl enough

trees to enable the helicopter to be balanced precariously on one or two wheels while
the remainder of the survey .em were offloaded together with their theodolices etc.

Three "trio-points" had to he manned simultaneously to obtain the correct measurements.

then the 'rear" party was taken forward to the next point, leap-frog style, until the

next %easurement was completed. and so an until most of Sabah and Sarawak was covered.

The whole task was completed in weeks compared with perhaps several months or even a
year by surface means.

Anothe; interesting high eltituae task was air-lifting Sabah Radio Station. In

order to c.unter the propaganda trarnaitted from Djakarta it was planned to move this

Radio Stat .1-n up to a site on Mount Kinabulu, which rises 14,500 ft above sea level.
I uplifted the first reconnaissance paty and, after waiting some time for the cloud
to clear, landed at 6500 ft at the road head. Literally within seconds of touching

down there was a wind change which brot .. the cloud down. reducing visibility to a

matter of a few yards. There we were stranded from 1100-1730 hours when having
completed plans for an o.ernight stop. it cleared just as suddenly as it had closed

in. Before returning to base we reconnoitred the site for the Station at about

9500 ft. it was interesting that when flying betreen layers of broken cloud, and
twith rain on the windscreen 1 experienced for the first time, the sensation of

"vertigo". I also realised how careful one had to be to keep within the operating

limits of the aircraft at those heights.

Search and Rescue - was always a preoccupation. When an aircraft is forced to land

in the jungle the main difficulty is in pin-pointing the wreckage. I was for some

time a Member of a Board of Inquiry Investigating the crash of a twin-rotor Belvedere

in which nine men were killed. It was extremely difficult to spot the wreckage
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through the small hole in the jungle canopy, even when the approximate position was

known. I had the novel experience of being lowered 90 ft on a winch cable from a Naval

Wessex and, after leaving the strop, climbing down a 30 ft rope and then dropping the

last 10 or 15 ft onto the fallen trees. Having carried out a survey of the wreckage.

I had to march out 6 miles through the jungle in a blinding thunderstorm. Some days

later, in the company of an Accident Investigation Branch Inspector I was flown back

by Syrcamore to within 450 yards of the wreckage. This was achieved by flying down a

river so low that the trees overhung the rotor disc on either side and then jumping

down onto a boulder in the river bed whilst the aircraft was in the hover- When the
investigation was completed, some 3 or 4 days later, having manhandled several tons of

rocks into the river to clear some sort of helicopter pad. we made the very tricky
recovery by Sycamore.

Some months later we carried out trials with parachutes with the object of perfect-

ing a system of marking a crash site. The idea was to plLce a parachute attached to

a box of rations on a static line in the cabin. If the engine failed the box and'chute

were to be jettisoned a- a height of between 20 and 40 ft above the tree tops. The

weight of the box was just sufficient to deplc, the parachute. It was quite successful;

the ones that were dropped near the crash site lay billowing on the trees and could be

seen for miles. However, trials are shortly to be conducted on a crash-indicating

radio beacon that will antomatically be thrown clear and activated on impact.

PROBLEMS ENCOUNTERED

Generally, as expected during these undoubtedly successful helicopter operations,

many problems were highlighted and some still remain to be solved.

Just to mention a few:-

NVavigation - was one of our chief difficulties, due to the lack of suitable maps.
Jungle navigation, when cloud or tactical considerations often precludes flying high

enough to adhere to fixed courses and times, becomes just a question of getting to

know the area, mentally orientating the more promipent features and following the line

of contours or rivers. Pyrotechnics, balloons, and radio beacons have proved useful

for the location of L.Z.s. Night operations were not undertaken except in emergency

due to the lack of alds and the risks involved.

Comr, wzications - as indicated, HF Single Side Band equipment proved a great break-

through in this sphere. With a phenomena! range and efficiency, even from ground

level in a jungle clearing at the bottom cf a valley, it proved invaluable after the

first few months of teething troubles. Adequate ccmmunication between the helicopter

and ground troops was often not possible due to incompatibility of sets and this proved

a considerable embarrassment at times. Finally, communications between the pilot's
cabin and the passenger compartment was found to be highly desirable. Even so, the
problem of language remained if the Ghurka or Malay troops were unable to speak English,

for very few pilots spoke these languages.

Weight w-d Centre of Gravity - unless every passenger and item of freight was

weighed on the specially provided (bathroom) scales and the pilot maintained a con-

stant exercise of mental arithmetic there was always a risk of exceeding the limits

t
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of All Up Weight and C of G travel. It is now technically possible to fit strain

gauges to all undercarriage legs of fixed or rotary wing aircraft which Q-n.uld indicate

the weight of the aircraft and its C of G position prior to take off.

Absailing - Clearly in jungle operaticns there is a requIrenent for a safe type of

absailing equipment with a drop, and preferably a lift too, of 2-300 ft in order to

penetrate the canopy of trees. Although many experiments were carried out we never

discovered a really safe method for lowering or lifting men more tha 20 to 30 ft by

rope or 60 ft by winch. However, we did successfully lower boxes of ammunition, food,

radio sets and even tracker dogs on long lengths of lashing tape which we jettisoned

as soon as the load was safely on the ground.

Heat Stress - few aircrew experienced heat exhauntion. probably because of the pre-

cautions taken. A progressive exposure to the sun until a gaod tan was acquired gave

protection if inadvertently exposed later. Some of the personnel took salt tablets,

others none. It is difficult to say who was right, but provided a normal amount of

salt was taken with food, there was little risk of heat exhaustion.

If aircraft were left out in the direct sunlight the cockpit temperatures could

reach 120 0C and skin contact burns could well result. These were prevented by fitting

aircraft cockpit covers or blinds, turning seat cushions upside-down and wearing

adequate clothing.

Insects and Diseases - strangely enough the least of our worries: yet judging by the

chorus of sounds at night the jungle was teeming with animals, insects and reptiles.

Apart from mosquitoes, against which nets, "fish-coils" and anti-malarial pills were

quite effective, and leptospirosis which was guarded against by boiling drinking water

and avoiding stagnant pools, relatively little trouble was experienced. Personnel
were at time subject to minor stomach upsets and one near epidemic of hepatitis which

was said to be due to water contamination, but otherw.se kept surprisingly fit.

This reflected credit on personal hygiene and showed the value of the jungle survival

training given to all aircrew at the Jungle Survival School in Singapore.

In Ccnclusion - there just isn't time in a short talk to describe all the many and

varied activities undertaken by RAF helicopters in Borneo. So - having given you some

of the background p ct'-re and a sketchy outline of one or two of the tasks, I would

stun up by saying that in this type of terrain and under very testing conditions the

helicopter again demonstrated its unique abilities and extreme versatility. The

enormous advances made over the last few years have made even the quite sophisticated

aircraft that we finally operated in Borneo seem quite embryonic. The achievement

and capabilities that I have only had time to hint at, therefore, represent only the

first faltering footsteps of an infant prodigy whose potential is oniy now being

tentatively probed and whose future is undoubtedly assured.

DISCUSSION

Brig. Gen. Lauschner thanked Wg Cdr Eley for his interesting review of operations under

extremely arduous conditions. He asked what was the nature of enemy fire-power in

Borneo. Wg Cdr Eley replied that the enemy forces were armed principally with rifles,

light machine guns and mortars, mostly of East European origin.

.a
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ROYAL NAVAL EXPERIENCE WITH HELICOPTERS

OPERATING FROM COMMANDO CARRIERS AND

AS PLANE GUARDS

Lt Cdr P.J.Williams, RN

Before discussing Royal Naval experience in operating helicopters from Commando

Carriers I think it would be .elpful to explain what the British understand by a
Commando Carrier and to suggest the types of operation to which it is best suited.

Without such explanation I thought it might be oifficult for you to relate our

experience to our progress and difficult for you to reflect on the future.

Varicus operations in the nineteen-fifties demons .rated to the British Government

that a concept which joined telicopters v;ad soldiers together on board a ship would

be an efficient and effective method of dealing quickly with limited military tasks
over a wide area. So by 1960 two light carrLcrs, no longer suited to the operati6n
of heavy jet aircraft, had been allocated to the new task. Royal Naval helicopters

were specially prepared for the new role, which was at variance with their usual
anti-submarine wcrk. and the Royal Navy's own "sea soldiers" - the Royal Marine

Commandos - were chosen as Britair's sea borne and heliportable, quick reaction force.

As would be expected considerable fighting efficienty is achieved on board a Commando

Carrier when the Royal Navy helicopters are continuall3 operating with one particular

unit of the Royal Marines: however it would be wrong to gaia the impression that this
concept is entirely dependent for success upon highly specialised units. Any helicopter
force with any military unit is capable of effective operations from a Commando Carrier.

To this end Royz Air Force and Arny helicopters periodically embark in the Commando

Carriers to operate with units of the British Army.

The type of operations to which the Commando Carrier is best suited is of the -Brush

Fire" variety where quick reaction creates the correct balance of power necessary for

a recognised Government to maintain control and restore law and order. Actual examples
of such employment were the Kuwait crisis In 1961. the rebellion in Brunei in 1962 and
the Maiaysian confrontation with Indonesia which has only recently el -1d.

For the purposes of this presentation the Commando Carrier is being considered in

isolation in order to concentrate on various helicopter operating aspects. In reality

the Commando Carrier comprises the spearhead of a composite force which is capable of

providing air superiority over the battle area, of screening itself against submarine

attack and of carrying the additional armour, troops and logistic support necessary

for a military build up.

Britain has two Commando Carriers, the "Albion" and "Bulwark". Both are of the

same class and both have been extensively refitted to meet the requirements of military
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helicopter operations. All the original heavy fixed wing launch and recovery equipment
has been removed and the resulting space used for additional military accommodation.
The carriers have an endurance of over 5000 miles at 20 knots and each is equipped with
eightcen helicopters. Each has full living accommodation for 750 soldiers but the

number carried can be increased to over 2000 men for short periods. One of the great
advantages of using an ex fixed wing carrier for this tesk is that all the hangars and
maintenance facilities remain intact and none of the aircraft have to remain on deck
during non flying periods for servicing.

This arrangement has the added advantage of allowing the military to use the
"flat-top" as a sports arena and so keep fit. One of the biggest problems facing the
military conander in a Commando Carrier is keeping his men in top physical condition
during extended periods at sea.

The ship carries its own landing craft fdr a variety of support tasks. It also
has motorised rafts for landing heavy trucks which are beyond the lifting capacity of
our present helicopters.

The Carriers have retained all their radar equipment and the operations rooms
originally used for controlling fixed wing activities.

In consequence the control of helicopters between the ship and shore is positive

both by day and by night and in all weathers. The ship is also equipped so that the
helicopters can be recovered to the deck in blind flying conditions.

An embarked military unit is equipped with Land-rovers and a variety of anti-tank

and other guns up to and including 105 mm howitzers 1l1 of which are helicopter
transportable.

These are stowed either on deck or in the hangar depending on flying requirements
and tll this equipment is maintained in good condition because the extensive aircraft

Iworkshops are available to the military mechanics.

Mechanical failure of military equipment ashore is normally more readily rectified

by flying the equipment back to the ship rather than attempting fiela repairs. The
carrier has its own hospital equipped with an operating theatre, dental surgery and

wards with twenty beds.

In addition, operational arrangements are immediately available to expand the

. medical capability to two theatres and 100 beds as the wounded are brought from the
battle area by helicopter and quickly routed via the aircraft lifcs and through special
wide doors to the hospital. Normally the ship carriers two doctors and a full support-

ing Lueecal staff. Feeding and domestic facilities for the combined sea air and land
force present no great difficulty to the ship since the total number of men on board is

normally not much greater than the number originally required for fixed wing operations.

The helicopter used on board the Commando Carrier is the Wessex Mk 5. This helicopter

is based on a Sikorsky design but has been re-engined and modified to suit British
requirements. The power in the Wessex 5 is provided by two free power turbine engines
and these give the aircraft a much better overall performance when compared with the
original piston enginea American S58. The Wessex 5 has a full single engine capabilityi.I
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throughout all normal phases of flight. the only exception to this ability occurring

in very hot and high conditions with the helicopter hovering at full all-up weight. It
may be of interest to note here that with the introduction of turbine power plants
into Naval helicopters came the opportunity to implement a long standing intention;

that being, to remove the need to carry high octane gasoline on board carriers.

The Wessex 5 is a conventionally arranged single rotor helicopter with 2 pilot
positiois forward and a rectangular cabin, for up to 14 passengers and an aircrewman.
below and behind the pilots. There is no reasonable access during flight between the
two compartments. The cabin has only one door on the right side and this is a restric-
ting factor when considering the speed at which troops can be embarked or disembarked.
It is expected that future helicopters in this role would have doors on both sides with
the troop seats outward facing down the centre of the cabin. Apart from the operational
advantages of such an arrangement it is thought to be much safer during a forced landing
at sea.

Much thought has however been given to flight safety in the Wessex 5 since the

helicopters of the Commando Carrier spend a considerable amount of time over water
with relatively large numbers of passengers on board. Apart from the single engine

performance already mentioned. the Wessex 5 is fitted with flotation equipment which
is packed on the wheel hubs and infl:ted when required. It is fitted with very large
windows on the left side for easy exit and all escape routes from the inside of the

aircraft are marked by flourescent hand rails to aid passengers when submerged or
escaping at night. Each passenger has a properly stressed seat and wears a lap strap.

He is not required to wear any protective headgear although the aircrew wear normal
flying helmets. Troops wear specially designed lightweight life jackets when flying

over the sea.

However the most significant contribution towp.srs passenger flight safety is the

inclusion in the crew of an aircrewman who is carried at all times. He is responsible
for all aspects of passenger control and safety. All aircraft are fitted with rescue

hoists and the crewmen are all trained in search and rescue techniques.

Since the Commando Carriers carry only one type of helicopter it is necessary for

that type to be capable of various roles. Fortunatey the Wessex 5 is versatile and
apart from normal troop carrying it is used for crane work, search and rescue, air

ambulance, with up to 7 stretchers plus a medical attendant, and for parachuting, a
technique used with pathfinders at night.

Also it can, very quickly, be armed with a variety of weapons which include machine

guns, rockets, wire guided missiles and illuminating flares. To complete the description

of the Wessex 5 helicopter I think it is on!y necessary to mention that it is well
instrumented and well stabilised. this latter point being of marked interest when

considering aircrew fatigue.

The main aircrew problems facing the aviation command during any extended operations
are fatigue and availability. Current technical reliability permits a high percentage

of helicopters continually on line and so military p'anning must take close account of

the pnysical capabilities of the pilots. Squadron aircrew complement is planned at

two pilots per aircraft, a total of 36 for an 18 aircraft squadrop and ut. isation is

reckoned at 6 flying hours per pilot per day. Calculations on thi; basis will show
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that the ability of the aircrew to satisfy military requirements will depend largely

on two main points

(a) The range of shore operations from the ship.

(b) Whether one or two pilots fly in each aircraft.

The two points are clsely related. On straight forward daytime operations with one
pilot to each aircraft and with the ship-to-shore distance uot exceeding 30 miles

sufficient sr-ties, both logistical and tactical, can be flown to satisfy all usual

military requirements. The question of range from the carrier is most important, not
so m-ch as might be imagined because of the fuel to military payload ratio, but because
of the frequency with which the helicopters can be used. Over a 15 mile radius of
action one aircraft achieves 5 sorties every 2 hours, over a 70 mile radius only one
sortie every 2 hours. Viewed with 18 helicopters over an 8 hour period the short

range offers the military 360 sorties, the longer range only 72.

The decision as to whether one or two pilots should crew the helicopter is related

to both flying and operational conditions. The rapid expansion of the Royal Navy's
helicopter activities in recent years has resulted in a preponderance of young,

relatively inexperienced pilots and in their guidance much stress is laid upon the
responsibilities of aircraft captaincy and the nded to inspire the many and various

military passengers with completc confidence in the airciew. To this end it is usual

to fly a crew of two pilots for:

(a) Night and instrument flight conditions.

(b) Aiming and firing weapons.

(c) Areas where there is know to be ground fire and the wounding of a pilot is likely.

(d) On extended flights where navigation is expected to be difficult.

The only other consideration of account when discussing Commando carrier aircrew is

pilot and aircraft availability when. for some overriding tactical reason, it is decided

to establish an air base ashore which is divorced from immediate carrier support. Urder

such circumstances, where aircrew and maintenance ratings are under canvas and beset
with numerous domestic and technical problems, a reduced availability must be expected.

Royal Navy experience in the problem of whether or not to establish aircraft ashore now

clearly indicates that tactical daylignt operations from a forward air base present no

particular difficulties but there is rarely any advantage in keeping aircraft ashore at

night.

The keystone of efficient and safe Commando carrier operations is the organisation

of the flight deck. And this applies not only to the obvious activities but also to the

th detailed support routing required to ensure that the correct men and stores arrive

on the flight deck in the right order at the right time.

The Flight deck is divided by a red line into a Flying Area, which includes the

aircraft lifts, and an Assembly Area. No military or their stores are allowed Into

the flying area except under the positive control of marshallers and guides. The

influence of the guides does In fact extend beyond the flying area but this is purely

to ensure that the military do not become lost within the ship.

The flight deck is controlled from a position in the bridge overlooking the complete

deck and the coutrolling officer is in radio contact with all his flight deck team.
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So that the various responsZAilities on the deck are easily known the men wear
different coloured jerseys. For instance yellow is for marshallers, green for guides

and various other colours for the different technical trades, the refuelling crews,
the crash crews and armament parties.

The flight deck has nine helicopter operating spots, of which eight, are used and
one is kept spare for emergency. Fbr a pre-planned assault 14 helicopters can be

ranged close together but this arrangement can only be used for take off,

When an assault is in full swing the aircraft are kept running for hours on end

and the aircraft are fuelled a-d loaded with the rotors still turning so that the

pilots may thus be changed in readiness for the next flight. A normal turn round
would be about 4 minutes.

That concludes my outline picture of the Royal Navy's current operations with

helicopters embarked in Commando ships but before going on to discuss briefly helicopter

planeguard I would like to comment that I have not attempted to detail the trail of
experiences which have resulted in our present assault capability but only to show how

we are doing the job, in the hope that it will provide a suitable operational background

for your future discussions.

Search and rescue at sea r,r. more specifically, "planeguard" is a straightforward

utilissrion of a helicopter and I do not intend to elaborate on the basic concept which
is-essentially to provide a rescue service for fixed wing aircrew during the launch and

recovery scages of deck operations. However there are two recent refinements in the

task of planeguard to British carriers with which you may not be familiar.

Initially helicopter planeguard was a daytime only capability because without visual

reference the helicopter could not hover, and clearly, no such reference is available
at sea at night. However the anti-submarine helicopter has a very real need to hover

at night and the doppler flight control system developed to satisfy this requirement

has been adapted to night planeguard so giving it a complete 24 hour capability.

Another development is the addition to the planeguard crew of a free diver whose

tak is to give assistance to fixed wing aircrew when in the water. This may be as a
result of ditching or a low level ejection but in either case the rescue helicopter

positions itself alongside the downed aircrew and the free diver jumps into the sea to

give assistance.

The types of assistance of which the diver is capable are

(a) Clearing unconsciovs or entangled aircrews from an aircraft which has gone into

the sea during land on or take off and giving immediate mouth to mouth resus-
citation to a survivor whilst still in the water.

(b) Clearing aircrew from enveloping parachutes after low level ejections.

(c) Operating Ine life saving equipment of unconscious or injured aircrew.

(d) Marshalling survivors in the water into the appropriate type of rescue strop

or net for winching up into the planeguard helicopter.
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DISCUSSI ON

Capt. &Kiley asked wbat cable le-trh was araflsble in tbe winch gear of the LN belicgter.
Lt Cdr Willams replied that normtily 60 ft were available. but tbr is could bie
exteaded to 200 ft for ozer-jungle operations. V C-r Eiey expressed s-r-rise at tbe
height fro which the diver appeared to bp j ning into t? sea in one of the phntorapbs
shcn: It appeared to be of the oarer of 25 ,It. Lt Cdr illim replied :hat thbi was
routine procedure and Cat- Sw.cley add-ed that M.AF para-rescue men were trained to j=P
from. 35 ft.

frn C .er enquired whether it was possible in the noisy environnt of the helicopter

to re-brief assault troops if an in-flight change of ope.raticaal plan was indicated.
Lt Cdr illiaws replied th-t this was possible. At all tines the creman ano the
ar1itary troop leader cm board eacti hellcc9ter were ccaneted to the aircraft inter-
comun!cation systen.

Lt (adr Mill enquired ahout the efficacy of flotation aids in LN assault helicopters-.
In his own service there had been much concern recently with the problem of the provisior.
of flotation not =rely for the ightly-clad passenger but fer the heavily leaded and
armed =an. Lt Cadr Williams replied that adeqzate bunyancy was provided by life-savng
wistcoats. which were worn k all persome:l daring over-water flights, and discarded
just before touch-down. In addition the Wessex helicopters bcd buoyancy aids in the
form of autcatically inflatable spomsons on the heel hubs and a flotation bs. in the
rear fuselage. These aids. w hic weighed a total of 146 lb. would maintain the helicopter
in an approximately half-submerged attitude. aiding escape considerably. Unfortunately
the attitude lacked full stability.

Brig. Cw. La.schm.r comented that aircrew were provided with special protective helmets -
were the standard troop's steel helets at all cowzrable as lnpact-protection devices?
Lt Cdr Williams stated that for in-flight comunication with non-crew nesbers only normal

head-sets were amilabie. Capt.Irelad conented that military helmts were of little or
no crash-prct,;ction -alue. There was need to develop helnets with btth ballistic

and impact protection. Capt.Perry stated that the British A-y was currently assessing
a one-size passenger helset of crushable material for passenger impact protection.
Capt.Buckley stated that US rescue personnel in Vietnam would not wear protective

helmets when being winched - they insisted on being able to listen for enemy nonecent.

---
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et Yisibiliti - distan-ce - vents - poids.

3. :P roe 2 itica trnsorer

Cboix de Pieuipesent adclitasotr

Mode de transport de 1' igipement;

Trn!ss!ons - dcnnies sur la sitnzaion avant dicollate commiUCatioDs entre
hkiicoptire et bateau langage;

Recherche du boteau - Identification sur la, route de navigation - orientation;

Sy3stize de bissage par treril - direct, on kpertir d'tn canot, d'unc baielini~re on
de I& ner;

aChoix do mode de traitevent du patient: ibord en. restant avec lui. Cu transfert
P bLtitai par beiicoptire;

Atti-.nde da patient - peur - refus;

Trarstert du patient -- difficuitis posies par son transport k partir des pants
infirieurs. type de brancard i utiliser:

Prob-iaes posds i bard de 1' bdiccratere: vibrations. bruit. exiguit4 de la cabine.

4. Choix dui Convoyeur

par treulki possidant un entrainement de secciuriste. Mithodes de formation.
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RAF SEARCH AND RESCUE OPERATIONS

Wg Cdr M.W.B.Watson

The Search and Rescue Service is operated in the UnitLd Kingdom by the Coastal

Command of the RAF and is based on 2 Rescue Co-ordination Centres (RC ° s) - one near
Edinburgh and the other in Plymouth.

These can be alerted from numerous civil sources and can comunicate with foreign
RCCs. They direct all operations and have close links with organisations such as the
Lifeboat Institution. the Coastguard and the Police.

The helicopter element is only one part of the organisation and consists of 2 single-
engined 1hirlwind Mk 10 helicopters at each of eight airfields around the coast - the
majority being in the East and South coasts - sometimes helped out by Royal Navy and
USAF helicopters (Fig. 1).

The primary task of the helicopter service is the recovery of personnel from military
or civil aircraft crashed on land or sea. The secondary task is to give help to civil
authorities in various ways. This includes help to shipping (including offshore oil-
drilling rigs) in distress or to personnel on them who are sick or injured.

Many calls for help come from along the coastline where swimmers or boats get into
difficulty, or people are stranded by the tide. Cliff falls - eften involving serious
injury - are quite coon. Particularly in winter help is asked for remote areas
either to take medicri staff to islands or to take supplies to areas cut off by snow
or floods.

We are often asked to provide an Air Ambilla.'i Suvice within the UK at short notice
when suitable aircraft are not available from Tranz , .: o.id a some of the sites -

particularly at Hospitals - are inaccessible to fixed wing aircraft.

These requests are usually for a patient going to a secial treatment centre such as
for spinal or head injury. In general it is not considered worth using a helicopter
as an ambulance where a road journey of less than 50 miles would otherwise be necessary.

The police occasionally ask for help too - not just looking for dangerous escaped
convicts but for mental patients or lost persons. Recently we picked up an old man
who had wandered off from home and was found on the moors, exhausted, 2 days later.

Each 1!.ght seems to have a slightly different role due to their geographical

position. At Leuchars in Scotland. the accent is on mountain and island work. at
Acklington mountain and coastline, at Leconfield on fishing trawlers, at Coltishall
on coastline incidents and some trawlers, at Manston- Air Ambulance. holiday makers
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and channel shipping, at Thorney Island and Chivenor - coastline and at Valley -
mountain work at Snowdonia.

Perhaps the best way to explain the job I know best is to given an example of a
typical mission - which fortunately is not to crashed aircraft but more cocgonly to a

sick or injured seaman on a trawler.

On receiving a call for help from a trawler, perhaps 100 miles out to sea, the Rescue

Co-ordination Centre order off a Search and Rescue Shackleton aircraft from a Coastal

Command airfield. This aircraft should be on its way to the scene of the incident
within 20 minutes. At the same time the Co-ordination Centre alerts the helicopter
flight nearest the incident, giving them all the available information which normally

includes some idea of the condition of the casualty on the trawler.

The flight on the Staticn calls for the 6ervice Medical ufficer, who decides whether
he should go with the crew of the helicopter to render immediate medical aid and super-
vise the transfer of the patient to hospital. This nearly always means that the M.0.
has to go as the information from the ship is so vague.

The flight also warns the hospital at which the casualty is likely to be landed.
and the police in that area, who prepare the landing ground by the hospital aud prevent
an influx of sight-seers at the critical moment. Each hospital in our area has a
designated landing site (usually a nearby sportsfield) which is inspected regularly

and photographs and details of each are carried by the navigator in the helicopter.

The waiting period for the helicopter crew and M.O. then starts, for it may be some
hours before the Shackleton locates the trawler, having first to investigate each radar
contact in the area visually to find the right ship.

As soon as positive identification has been made, the Shackleton aircraft signals
the Co-ordination Centre which orders the helicupter to "Scramble", giving the position

of the Shackleton. If this position is within range the helicopter sets off, at first
using the Decca Navigator and lDter being homed direct on to the trawler by the
Shackleton. With full fuel and crew of three plus the Medical Officer and all the
gear carried for the Search and Rescue role the helicopter is at maximum take-off load

of 8000 lbs.

Maximum conservation of fuel is essential as it is impossible to estimate beforehand
how long the helicopter will have to remain with the ship whilst the casualty is made

ready for transfer to the aircraft.

In some cases this may only take a few minutes - on one occasion the casualty

suffering from pneumonia was found walking on the deck and it only took the winchman
a few minutes to lift him with a double strop.

On the other hand. the casualty may have a broken limb or severe head or internal
injuries so that some medical attention may be necessary before he can be strapped into
the Neill-Robertson stretcher, which is our standard equipment, and lifted into the

helicopter.

.=-i
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Absence e a suitable area on the ship for landing the winchman and X.O. may waste
time - mary trawlers are too small and too cluttered with masts and rigging to make
direct winching to the deck possible.

In this case the winchman and M.O. may have to be dropped in the sea alongside
the vessel and hauled aboard. They prepare the casualty for lifting, then lower him
into a dinghy or life raft trailed astern the vessel and winch him up from there.

I should say we do wear suitable clothing for these escapades and everyone wears a
waterproof immersion suit and warm underclothes. The suits are buoyant and all crew
wear life saving jackets as well.

As a result of all these hinderances allowance is made for a stay of 30 minutes with
the vessel. Even when the vessel has a clear area to get the winchian on board
casualties have the habit of occarring in very stormy weather, and the ship remains
far from steady.

Once the casualty is aboard the helicopter all that remains is to fly him to the
nearest shore hospital and keep him as comfortable and alive as possible on the way.

The Shackleton usually accompanies the helicopter back to land, giving some comfort
to a crew almost always out of radio touci with the shore and acting as a radio relay
station, so that the hospital finally selected may be told the expected time of arrival

and the police may make final arrangements for the landing ground. This often involves
positioning vehicles to illuminate the touch-down point. since the operation which may

have started initially durinj the morning i by this time running into night.

This description of a typical mission as you see has already explained some of the

limitations and problems of the task.

The time of day is one, as the Whirlwina cannot maintain a hover without a horizon
to work from. Where there are lights along a shore or a little light along the horizon

from the setting sun it may be possible for the pilot to hover over the ship for winch-

ing, but this rarely is the case at night. Landing at night is not such a problem with
the help of the police and prior knowledge of the general layout of the hospital landirg
sites from pictures taken by day.

Mr.ay successful missions have been carried out at last light and sometimes when the
light is nearly gone, there may be just time to put the doctor down to the ship and

leave him on board to give treatment rather than come back with the helicoptdr.

Another way round the rzight problem which we have used, is to take the doctor to the
nearest lifeboat station and there lower him to the shore. The helicopter carries
flares, and a good landing light allows landing on the shore whence the doctor can go
by lifeboat to the ship. The helico.ter awaits his return with the patient to contilioe
the journey to the hospital by air.

The range limitation in our area has been reduced recently with the arrival of the
oil drilling rigs scattered around the North Sea. Previously any ship much over
70 miles away was unreachable, but now we can almost double this range if there Is a
suitable oil rig for refuelling on the way to the ship and on the way back, We did
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such a journey to a trawler last sonth by refuelling on the American and Noruegian oil
rig -Ocean Viking" 60 miles off the coast.-

Is there room for a Doctor to go at 311? He may have to be left behind as in the

case of the disaster to the Sea Gem oil rig 18 months ago. One non-essential person
on board means one less survivor can be picked up from the 3ea.

One has to find a doctor too! Not -, the helicopter flights have service medical
officers and there may not be a doctor available or willing to go. In such circtu-
stances the crew will have to do the best they can. On my Station there are two well-
above-average nursing atteniants who have volunteered to go if a doctor is not available.
They can carry out regular training in winching and dinghy drill with the aircrew and
have been on operational trips.

that Medical Equipment does one take? We use a 3imple hardwearing canvas bag in
which we put the drugs and equipment which experience tells us are most likely to be
needed and modify this if we know that something specizi is needed for a particular

incident (Figures 2 and 3).

For -xraple. we took 2 pints of Group 0 Rh. Negative blood from the local hospital
to a Dutch seaman with haematemesis from bleeding duodenal ulcer. We also take an
oxygen risuscitator if this is likely to be required. This is fully automatic and adEpts
itself to differing vital capacities of adults and children.

he -ne ical bag is not carried by hand. By using our bag clipped to the book of the
winch cabl ', the doctor' s hands are left free to help ward off any obstruction coming
his way or winching by a form of bosnn's chair to an unsteady ship (Fig. 4). The doctor
always sho ld wear a protective helmet, as it is not at all uncommon to get a bang on
the head from some part of the ship on the way down and up.

Communication with the ip in order to get some idea of what sort of case we are
going to is a problem. The situation is usually described as a "Sick seaman" or
"Injured seaman" or- a sotrr fishing vessel. This is a typical request and further
details are often n'A ava.iab.e making it very difficult to know what equipment to take.
The request for a !ieli-opter is not always made ty the ship to the Co-ordination Centre

but is relayed f':6 to a doct,- near the shore radio station who is in my opinion
often not the most suitable to give advice.

I think thst the radio doctor should be an experienced Port Medical Officer or the
doctor who is being asKed to go with the helicopter &nd who should make the decision

on the type of aid reeded. The Junior Casualty Officer at the nearest hospital who
happens to be on cial (sometimes with a limited knowledge of English) I think t3 be

quite unsuitable and wo bave been let down on several occasions by this system.

We have had a very wide selection of cases to collect since I have been at Leconfield

as you can see from this list:-
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FESCUE AND CASUALTY TRANSFER CALLS

Aircraft Accidents Type of Incident injury

Hunter Failed escape 1
Lightning 3 Faa

Sea Hawk (German) Crash Fatal

Varsity X id-air collision

Light-aircraft (civil) J I '

Meteor Collision-ej ection I

Buccaneer Double ejection

Jet Provost Ejection All fractured lumbar

Hunter Ejection or dorsal spine

Tiger Moth Overturn I

Auster Descent into vea J

Air Ambulance Type Number

Transfers to special Fractured spine 2 (one cervical)

treatment centres Fractured skull 3

Status zsthmaticus 2

Coronary thrombosis 1

Fractured jaz I

Chest injury 1

Exposure I

Shipping Calls

Skall vessels 12 calls Two "called off" in flight. Other included

and trawl*rs coronary thrombosis (2). drowning, epilepsy,
fractured pelvis and spine, respiratory

obstruction, urinary retention, fractured
hand and shoulder, fractured maxilla,
perforated duodenal ulcer.

Large vessels 3 calls Poisoning by fumes, haematemesis and hand

injury.

Diving vessel 1 call Decompression sickness (fatal).

Oil rigs 2 calls Drowning and abdominal emergency.
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It is sometimes possible to check on the situation before take off by radio link
through the shore station to the ship direct from the helicopter crew room. After take

off. communication between the helicopter and the ship is virtually impossible Ls we

have different radio frequencies, so we need a third party to act as a link. The i
Shacseton can sometimes do this and give some idea of what is going on. but by then.

it is too late to change your equipment. Language differences may make communication
more difficult not only to the ship but also with the patient and we have picked up
Dutch, Danish. German and Polish semen.

Sometimes we have a problee finding the ship. If it is nearby we take off immediately

and get to the area before the Shackleton does. The ships are very bad at letting you

know which one wants you. If you fly close to a trawler, all on deck wave and you think

you have the right trawler, but they are just being friendly. So have to go round each
one trying to read the name to be sure.

As already explained getting on to the ship at all may be difficult and direct

winching off may not be possible. In such a cise the doctor may .have to remain on board

until the ship reaches port, as in the case of zhe diver with decompression sickness.

with whom I had to remain in his compression chamber.

The patient's attitude to being winched up into an aircraft varied a lot and you
can understand the patient being a bit apprehensive on seeing a figure approach from
the air, tie him into a straight jacket and whisk him away on a wire to the machine

hovering above. The patient may even refuse to come after your efforts to reach him
and may not be as ill as was suspected. On the occasion on which I went via helicopter

to a li eboat in a gale I was very glad the patient (with injured thumbs) refused to
leave her ship as after three hours in the lifeboat I am sure I was sicker than she wasl

Getting patients up from the interior of a ship is often difficult especially if they
have an injured back or are heavily built and tucked away in a bunk below decks. Tying

the patient into a Neill-Robertson stretcher in a confined sp-.ce and then wriggl ing him
through the corridors and gangways to the deck of a little trawler requires a lot of

strength and it is impossible to carry on with any sort of treatment in these
circumstances.

The helicopter just cannot hang around for long whilst the decision is made on what
to do and by the time we reach the patient first aid treatment is not really relevant.

The best thing to do in nearly every case is to get the patient tied into the stretcher

and winched up to the helicopter, and then to get back as soon as possible.

Vibration in the aircraft is not much trouble except perhaps on starting or stopping

t' :otors. For example, if a patient has to be taken in or out of a helicopter on the

ground it is best done whilst rotors are running. A patient with a fracture of the

cervical spine would be shaken unreasonably if in the aircraft during "wind-up".

Comunication with the patient is very difficult in the aircraft because of the noise

and although we do provide ear muffs, one of the patients told me that his trawler made

more noise, so he didn't want them. Auscultation is impossible.

I was asked to discuss who should go on a rescue operation. Should doctors go who
, are trained as winchmen or should all the winchmen be trained as "super firstaiders".

__1
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i think thst a compromise is the answer and we find that this works very well. The
doctors rust do regular training in dinghy drill and winching and th3 winchman must have

re-gular First Aid trainirg. If a doctor is not available, nursing attendants (particu-
larly those with aeroaedical experience in casevac role) can be trained in lieu. We
think that this arrangement is very wcrth-while as it takes the re3ponsibility of looking
after the patient from the aircrew - they have enough else to worry about.

We think that the winchaan - and the rest of the crew too - should be taught extra
First Aid for often Lhey are on heir own. Most of the winchmen are relatively old.
experienced. very conscientious - and keen to learn all they can to improve their
First Aid. On a small detachment s-1-h as ours this is done by regular discussions in
the crewroom and in flight with the Medical Officer on training trips. Films on First
Aid, resuscitation and cardiac massage are shown regularly.

We don't encourage aids to resuscitation such as plastic airways or Brooks apparatus
lest personnel get the idea that mouth to mouth resusrization is impossible without them.
But if the patient is vomiting and one is full of sea water as well it is difficult to
bring oneself to do it direct. The automatic resuscitator is a big morale aid to the
crew apart from its usefulness where cardiac massage is needed at the same time.

The crew do worry about whether they are doing the right thing or whether any mis-
management on their part might make a patient worse. For example, in the case of a
man with the fractured Cervical Spine where careful selection of transit height could
cut air turbulence to a minimum. In such a case the presence of a Doctor helps to
relieve the aircrew of responsibilities for the patient and they appreciate this. We
find mutual co-operation very worthwhile and although the incidents are often rather
unpleasant at the time there is a great job-satisfaction and the morale of all the crews
is extremely high.

I am very grateful to have had the privilege of joining such men during my time with
202 Squadron. Having given you a rough idea of how we work. I would like tc leave the
remaining time free for discussion and to hear your views.

The discussion following this paper appears on page 36.
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Fig. 1 RAF search and rescue organisation

Fig.2 Medical equipment bag
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DISCUSSION

Cdr %2ckie coeented on the value of hearing of Z Cdr -atson" s experience in this
field. In his on opinion, the Neill-Robertson stretcher was not suitable for winching
purposes - the 5 had had z severe case of head Inary caused by striking the helicopter
in the final stage of winchirg. Be asked wether Wg Cdir tson felt tht the Stakes
litter might not be better. Vg CdW atson thcught that the Neill - be- tsom stretcher.
althozu. far frcm ideal. as readily available on ships etc and that the risk of head
injury rs. in his experience. sinlzised since the winchb s main responsibility at
that stage in winching ihen the patient was being lifted was to protect the tead.
Capt ckley stated that the USA use the St:kes litter with r sna'le satisfactian.
He asked wether any nation present had developed suitable flotation aids for such
litters. SPF had been working with buoyancy bags for the Gemini support task but
early trials had revealed a risk of assetric inflation with inversion of the litter.
This vould be disastrous since the inflation us rerfored after insertion of the
casualty. A macufl-cturer was working on this problea currently.. Capt Ireland comnted
that the US Nawy was at pre.sent studying a very promising new resme net systLs..

Brig Gen Lamschmer asked abort reccression chambers for .living c4.sualties such as that
Smntioned by Xg dr- Watson. In Gerany there was available a light-weight single xa

portable chamber of limite! depth capacity and eada-ance but eminently suitable for
helicopter use.

Brig Gem Lauschuer asked about the training of winebmen in first-aid techniques and of
doctors in winching drills. Dg Cdr Watsmo stated that he personally carried out the
first-aid training and joined-in with wincliaan training. He ensured that all SAR
helicopter crews on his station were conver4int with current first-aid nethods.
Capt Adams was unconvinced about the advantages of sending a doctor on such oissions.
Capt Buckley felt that a doctor was often a liability in such circuzstances. Ie had
trained 200 to 250 cremen in the special first-ald techniques necessary in the USV
Rescue and Recorery Service role and was well-satisfied with their level of ability.
Ig Cdr latson replied that in Lis type cf mission the doctor's services were often not
necessary but that the paucity of infornation given hy those calling for aid generally
neant that it was impossible to judge in advance the type of *kelp required. On small
ships thee was often a good deal of skilled aid required before the patient could be
brought to the deck. let alone winched ofi.

Col Shamburek asked whether casualties were generally carried in stretchers whilst on
board the helicopter. Ug Cdr Watson replied that this was so in his work; he found
the stretcher to be an excellent splint to maintain ims)bilisation of any fracture.
Col Sbamburek stated that in US Army experience their pieference for the prone position
for patients meant that stretchers were rarzly used.
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THE HELICOPTER

A TACTICAL RESCUE OR RECOVERY VEHICLE

bI

Captain C.J.Buckley. USW. MC

Aerospace Rescue and Recovery Service.
c/o Aerospace Medical Division.

Hqs USA.' . Washington DC 20333. USA
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RESVIE

La Service Airospst 1.1 de Sauretage et de Rkcupiat ion CAh1ospace
Rescue and Recovery Service) de 1' Arzce de 1' Air des Etats-Unis a trois
aissions essentielles:

(a; l* premi~re de ces missions senies par b4licopt~res. et aussi
la plus active, est le sauvetage sur une base locale. arec lutte
coutre 1' incendie et ogrations de sanvetage sur les bases
airieiwes tactiques.

(b) 11 existe ensuite un service d ivacustion par hissage 4* acc±-f
dentis se trouvant sur un terrain ennemi oi la preparat oan de
zones d atterrissage est Impossible.

Cc) La sission !a p.±. difficile consiste enfin i slier rechercher
des equipages de combat i de grandes distances Ciquipages
d' arions sanquant i la suite de sorties opirationel le~i).

U'auteur dtudiera les plans actuels et futurs d'execution de ces trois
r~les.

.V
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THE NEI.ICOPTER
A TACTICAL RESCUE ORt RECOVERY VEHICLE

Captain C.J.Buckley. USAF. MC

As the largest single user of rotary wing aircraft in the United States Air Force.
the Aerospace Rescue and Recovery Service (ARKS) has gained much insight into the
tactical employment of these craft as rescue vehicles thror.gh support of combat efforts in
Southea-t Asia- The mere existence of a combat recovery unit has had an extremely
beneficial effect as a humiitarian, morale and confidence f*-:or for our aircrews.
It foscers a sense of security for both the man and his family at hobse. The dollar
and cents profit from this activity is readily apparent. The cost of basically qualify-
ing one USAF pilot or navigator is approximately tao hundred fifty to four hundred
thousand dollars. The majority of our tactical com bat aircrew personnel come frxm the
pilt or navigator category and the recovery of one of these individuals represents a
considerable monetary saving for our cot-try. lhen one notes that we have effected
over four hundred combat recoveries in the past )ear alone, the dollar value importance
of the rescue operation becomes more evident.

The ARRS combat recovery mission profiles extend froa the short-range quick reaction
crash rescue/fire suppression activity, to the longer range combat aircrew recovery
operation. We have also bad experience in the hoist evacuation of multiple battle

casualties frc extremely hostile areas, and in off-shre personnel recovery from the

Gulf of Tonkin. A discussion in more detail of each of these various missions will
identify the problems whib we have encountered vita iur helicopters and should also
serve to demonstrate how effectively the helicopter functions as a rescue vehicle.

The first and busiest of our helicopter missions in Southeast Asia is the local base
rtscue activity. We rely on the HH-43 K~man Huskie. a twin rotor, single jet powered.
helicopter which is capable of deploying approximately seven hundred gallons of standard

02 foam from a Fire Suppression Kit (FSK) suspended beneath it. The twin intermeshing
two-bladed rotor assemblies are mounted in a side-by-side arrangement on individual
rotor pylons. These are counter-rotating. eliminating rotor torque reactions and pro-
viding an aerodynamically balanced rotor system, referred to as a 'synchropter'. This
design lends itself to the use of longer rotor blades for a given size helicopter and
this produces a much greater lifting capacity per horsepower. In a synchropter. all
available power is converted into lift with none dive-ted for driving a tail rotor. It
is this efficiernt use of power provided by its T.gcoming T53-L-1 gas turbine engine that

enabled the Huskie to establish a world helicopter altitude record of thirty thousand
feet.

"fis aircraft with a crew o' four stands daily alert at most of our tactical air
bases, responding immediately to impending or actual disaster upon notification by the
primary crasL comunication net. After flying to a crash site, the two airborne fire-
fighter crewman are placed on the ground. Combining both the foam from the FSK and
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judicious use of rotor downwash from our helicopter which hovers above them, the fire-
am are able to cut a path through the fire to the cockpit of th burning aircraft to
rescue the periled crewmen. Since they carry only a limited quantity of fire suppres-
sion agent. these firefighters make no attempt to extinguish the blazi unless it appears
within their capability to do so. As might be expected, an ordinance leden aircraft
adds considerably greater risk to this type of mission. and precision timing #ad close
teamwork are essential for its safe. successful accompl'skment.

An armor plated version of the Kame M1-43 helicopter is also used for our seond
mind. I believe, our most hazardous combat recovery activity. I am referring to the
heist evacuation of multiple casualties from acutely hostile areas. Ground combat
units operating in dense jur.gle regions frequently request our assistance in evacuating
casualties requiring imediate medical attention. These ground forces moy lack the
capability or determine that it is not operationally feasible to clear a landing zone
to accomplish medical evacuation in the usual manner. HH-43 recovery teams are then
called to action.

This helicopter has exceptionally good hover capability in the low density atmosphere
at altitu'de encountered over the jungle highlands of Vietnam. It is held in hover over
the top of one hundred fifty to three hundred foot jungle trees while the casualties
are hoisted to the helicopter through a small opening in the vegetation canopy. Prior
to the actual casualty evacuation, a pararescueman is usually loweree. to the ground to
act as evacuation wontroller. expediting the recovery operation and often rendering
medical assistance to wounded in the imediate area. It is during the fifteen to thirty
minute hover time required for accomplishament of this mission that our aircraft and crew
are most vulnerable to enemy ground fire. Repeat performances in the same hostile area
are generally necessary to cc-splete the removal of all casualties as the litter capacity
of the HR-43 is quite limited. We have encountered considerable difficulty supporting
this type activity.

The armor plated M1-43, or P wdel as it is better known, is also used for ircrew
rftovery activity within South Vietnim and its near coastal waters. The limited range
and single engine vulnerability of this helicopter wake is undersirable for use in the
combat aircrew recovery mission over .ortb Vietnam and most of the Gulf of Tonkin.

However. equipped with a two hundred twelve foot hoist and forest enetrator, (a plumb
bob-shaped device constructed with fold-down seat panels and pe.-sounel restraining belts,
and specifically designed to penetrate easily the thick Jungle canopy) the HH-43F has
done a most effective recovery job (Figs.l-2). Deployed In pairs, two helicopters will
speed to locate the site of a downed aircraft. usiag both electronic and visual means.
If a landing area is available the helicopters will land and deploy pararescue personnel
to inspect aircraft wreckage and recover survivors. However. if the terrain is unsuitable
for helicopter landing, as is much of the Vietnamese jungle, a hoist recovery will be
necessary. The survivor's position must be accurctely located, often a time consuming
and difficult task. When this has been accomplished, one of the helicopters will hover
over the jungle as near to him as possible, and lower the forest penetrator to effect
the rescue. The other helicopter will remain L. sufficient altitude to observe the area
for hostile action.

If the survivor Js incapable of assisting ii. his own rescue or is in need of medical

aid, a pararescueman will be lowered from tne helicopter to help him and thus expedite
the recovery. The pararescuemaan is one of the most important members of our rescue
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tea as it is usually through him that the actual rescue is physically accomplished.
Approximately two hundred of these highly trained experts in every aspect of survival.
are assigned to AIRRS units worldwide. As precision parachutists, capable of jumping
by day or night into difficult terrain or into any body of water wearing full Self-
Contained Underwater Breathing Apparatus (SCUBA). they are unsurpassed. All are mountain
climbers and proficient medical technicians skilled in emergency medical knwledge and
procedures. if the survivor cannot be contacted or lccated, the parz-aescueman may be
lowered to conduct a land search of the wreckage and the immediate area. If hostile
fire forces his hovering helicopter to withdraw, he is trained to evade and survive on
his own until his rescue can be accomplished at a later tie and another place. Again,
close coordination and teamwork are what makes this operation a success.

Our last and most difficult helicopter mission profile in Southeast Asia is the
out-of-country combat aircrew recovery operation. This activity has taken basically
unarmed and unarmored rescue forces deep within the land mass of North Vietnam to effect
the recovery of downed tactical fighter-bomber crewmen. The rescue vehicle used for
this mission is the Sikorsky HH-3E, a twin jet, single rotor, long range helicopter
instrumented for all-weather flight and equipped with sophisticated electronic personnel

j tracking and location devices. Its twin engine reliability afforded by two GE T58-5
engines and a new variable speed hoist with a two hundred forty-six foot cable have
extended our jungle rescue capability considerably. Through coordinated prepositioning
of our personnel and aircraft to give minimum access distance to projected trouble
areas at the time of bomb str, ke raids, rescue forces can be at the downed aircrewman's
position as rapidly ss possible. The distance to and from the rescue site is frequently
great and adequacy of fuel for the return trip is always of prime consideration. All
umnecessary equipment rust be removed from these helicopters to reduce weight and con-
serve fuel. This consideration dictates the deletion of al. but a minimum of armor
plating protection which is afforded the pilot, copilot and certain vital mechanical
elements, and negates the possibility of having any substantial weapons system on
board. As a result, we must rely on a very well coordinated fire power support effort
ranging from high performance jet fighters for protection from enemy aircraft to slower
reciprocal engine powered close air support planes for suppression of hostile forces
in the area where the rescue is to be accomplished.

Once the downed ai.-crewman has been contacted, his ground position identified, and
hostile fire in the izaediate area suppressed as much as possible, the rescue heli-
copter moves into a nover position and lowers its forest penetrator and, if necessarj.
its pararescuema to effect the recovery. Minimum delay must be experienced during
this part of the operation as it is the time when the helicopter is most vulnerable
to enemy fire. The dual helicopter deployment concept is used on most of these out-
of-country missions to add an immediate rescue capability for our own forces should
one of the close air support aircraft or the actual recovery helicopter be downed.
IbTis precaution has proven its value or several occasions.

One of the biggest rescue problems encountered thus far has been accurately locating
the survivor on the jungle floor. Personnel locator beacons will direct recovery
forces to the general area of the downed man but actual recovery depends upon visual
contact with him. A better visual marking and signalling device is needed to transcend
the one hundred fifty to three hundred foot trees and their dense canopy. This would
identify the individual from the air and decrease local search and loiter time prier
to rescue contact, thus conserving fuel and decreasing exposure to hostile grouted tire.

A



42

Beginning this year. the Aerospace Rescue and Recovery Service will offer a most
effective combat or peacetime recovery team. This teds will consist initially of the
Sikorsky HH-3E helicopter and the Lockheed WX-130P turoprop long range search and
rescue tanker. Through the advent of successful operational air-to-air refueling of
the belicopter from fixed wing aircraft, weight and distance are no longer the limiting
factors governing the success of a recovery effort. Truly, rescue capability can now
be extended to the limits of the globe with a reasonable access time periol. The

addition of the Sikorsky HH-53 heavy lift helicopter to augment this team yields even
greater capability. The increased size and power of this helicopter will permit it to

carry larger pay loads or sophisticated weapons systems. Its proposed heavy lift capa-
bility of ten to twenty thousand pounds will permit recovery of current spacecraft
from ocean landing areas. Air-to-air refueling will afford these helicopters the
potential to recovez a space capsule similar to the Apollo vehicle and return it to
the nearest land mass for ultimate return to the USA via jet cargo transport aircraft.

Looking to the future, we of Rescue envision a V/SOL aircraft as the backbone of
our operation. It will combine the hover capability of the helicopter with the speed
and range of current fixed wing jet aircraft. When it too can achieve an Inflight
refueling potential, it -ill represent the ultimate in all purpose rescue vehicles.
Access time will be decreased to the absolute minimum through intelligent deployment
of these tircraft on a global basis. Combined with simultaneous development of im-
proved survival and personlel locator equipment, the Cde of the Rescueman - THAT
OTMS MAY LIVE - will become a more complete reality.

The discussion fcllowing this paper appears on page 44.
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DISCUSSION

Col Hoogvliet asked about the techniques for in-flight refuelling of helicopters.

Captain Buckley stated that this manoeuvre was possible up to 10.000 ft but that it
was generally performed between 5000 and 7000 ft. speed was the major problem; the
H53 could achieve 185 kt, the HH3E 110 to 125 kt. At these speeds the C130 tanker

pilot was presented with in exacting task.

Xg Cdr Eley enquired about the forest penetrator cable length. Captain Buckley replied
that 246 ft were usable. The rate of winching was rather slow for many circumstances

and there were hopes that the time for full-length wind-on could be reduced to some

30 seconds.

In reply to a question by Brig.Gen.Lauschner. Col Malone steted that he thought that
the helicopter in the long-range recovery mission was at least theoretically protected

by the Geneva Convention.

Lt Col Lail asked about the utilisation by the I-asky' helicopters of the Fire Suppres-
sion Kit (the 'Sputnik'). Captain Buckley replied that only in a very smali minority
of crash fires had it proved instrumental in saving life. However. as Col Malone
pointed out. the medical profession should support strongly the de.elopment and pro-

vision of any device capable of saving life and limb. even if its utilisation might
he extremely rare. Captain Buckley pointed out that a very serious problem in the
airfield crash rescue role was the fatigue and boredom engendered in crews who need
to sit in their machines at readiness, day after day for very long hours with a high

level of vigilance although in the knowledge that their services will be required
very rarely.

Maj. Asdail asked whether vibration was a major problem in helicopter carriage of
casualties; in particular he was interested in the 'synchropter' configuration

helicopters. Captain Buckley commented that it was rarely severe, although there
were some conditions of altitude and load in which it was quite marked.
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RESUME

La pr~sente communication concerne la situation dens laquelle W'est
trouv~e 1' Italie en novetnbre 1966, lors des inondaticns Qui ont ravagd
les r4gions dont l~e relief est pourtant tr~s diff~rent et oi' lea popula-
tions Wi taient pas toutes 4galement habitu~es i supporter des catas-

trophes naturelles, d'une telle envergure.

C est dans ces circonstances gue les b~licopt~res ont joud us
r8le important dana les opfrations de sauvetage. Leur intervention
est venue i temps, a' eat rdalisde avec rapidit4. ce qui a eu des
r4percussions favorables sur l~e moral des populations victimes de
cette catastrophe.
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THE USE OF HELICOPTERS DURING THE FLOOD OF

NOVEMBER 1966 IN ITALY

Brig. Gen. Dr A.Paganelli, IAF (MC)

The flood which struck Italy in November 1966 war of unexpected violence in

several regions. To confront the critical situation, all means of available

assistance were employed: among those airborne means, helicopters had a particularly

important role to play.

I will not dwell on the drama of the sitation: the information media - the press,

radio, television - gave the world a realistic picture of the event, especially for

that which concerned Florence. the ctstodian of not only Italian, but universal

treasures.

The stricken regions present a diverse orography; from the Florentine hills to the

Grossetc plains in Tuscany; from the southern slopes of the eastern Alps of Cadore, to

the mountains of the Trent region; end finally, the lowlands at the delta of the Po

river.

The populations of these regions are variously prepaxed to confront floods. The

inhabitants of the Po delta, used to recurrent floods, are equipped, especially with

water-going means to defend themselves, helped by state oiganizations and by constant

surveillance of the level of the river. These people are thus psychologically preparedaL
for the adversities of nature.

The Alpine populations are toughened by the harsh life of the mountains: they are

psychologically habituated and physically resistent to nature difficulties.

The popuiations of Tuscany, from the soft rolling hills of the Arno valley to the

plains of Grosseto, living on land re-claimed from the marshes, are also strong and

hard-working, but psychologically unprepared for sudden and grave adversities such as

that of November 1966.

From this first consideration, we draw the first conclusion: that the populations

more exposed to danger are those of Tuscany. For centuries they had never been struck

by such a grave natural disaster. ProoZ of this is that artistic works, as for

example, the Crucifix of Cimabue, painted in the 13th century, had never suffered

damage from meteorological events as has happened now. However, the strong character

of these people and their well-known lively intelligence brought to them the will for

reconstruction that has aroused the admiration of all and has given vigor to Italian

and foreign volunteers who have offered their useful help.

The work of heiicorters Jn t. se crergencies has been invaluable.
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*HellcoPters 4'Lp the Air Force, the Aray. the State Police (CarabL-eers). the fire
deWL-Woct and ibe Aerican command of SEAF were mcbi:tzed; organized air rzconnaissance
gave precise information and the localities whicb remained Isolated were able rap!dly
to receive first ai4d.

Tens of tcas of essectials were trzsprted by the helicopters; more than 2.0W0
persons were sawmd fra ontnez-, In sowe cases. doctors were carried xLnd drol*d down
in Isolated houses to assist persocs *m It was not posShble to transport.

le ADi. about 31W0 mLesos were flown-. here the helicopttr cooid not, land. perom
wer-e llfttd from the roofs or homses 1:T a, special brace fittng nder the *rms, with
the helicopter Lovering: wkemn ecessity a member of the crew vent down to the how;se md
took care ct the attachment of the lifting brace to the injured pe-on. encoraglcg
the timarms.

F-n- In adrerse atsoapberic comtocs, there was rat too moch trouble- Az umfore-
sez- obstacle to the assistance operations was quickly ore-ccme.. I cite. for exaple.
the laoareniemce represented ts television ateae which ipeded easy inpproach to the
roof top the azte weredfately takem down with the intellizect cooneperation of
the flood victims. coooeration which facilitated to a great' extent the assistance

And here It sem t* cs that we shbnld point out one fact. perbsps tbe amt Impotant-j
of All the operation 12 regard to the _ Its rVAIZ-O &-.,lu. especially in the
r Wonty mod im the aml centers, represented a mschological factor of primzry
i pcranc. It let the inbabitacts kww that they were not alone: It gave them faithI

and caleed them: It made orderly work possible: It avoided dangerocs collective panic;

*it allowed imralable cooperation. The continuous pi--emmce of those beneficient
"dram-fLy' friends gave coarsge mad will to people who could hare abadoned ttem-
scIves to tarror ad desperation. This, perhaps, was tce least-realized value of the
helicopter, a psycbological value of inestimable rrtb.

All this happetied principally In the flooded zones of the old 71uscary mrsb-land.

In the Po delta, Ut us a matter of helping to get people on boats and to transport
rapidly the sick.

1-i the founiinous regfons. helicopters were Able to land and get people in need oi
assstance on board with more agility. Hellcc.Ur assistance In the muntains deserve--
a separate discourse: in Italy work is being carried out In this sector. especially in
the Alpine regions. But this Is get+,ing away from the subject of the floods.

Sammarz~ng. we can make the following points:

1. The helicopter, in cases of suich emergency as described above. is the most
imediate and valid means to exploy. that Is. of means whiich are current ly
available. I emphasize the word "currently, since other mnuns. more perfect
and safe, will certainly be built byr nn in the future.

2. The psychological factor has a great importance; a group of people seized by
:1 panic can be more dangerous to theaselves than a flood. The helicopter.

annulling this feeling of Isolation. brings serenity and faith once again,
facilitating the assistance.
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3. No partIcular difficultie3 were encountered In assistisg a beteregeneous

povvatioo. uprep a-red for helicopter zssistance

4. Bad weathero within certain limits, was not a grcre abstacle: it put the
flight cress to a hard test ithout, however, the operations teizig susptded
(sometimes the vind reached 8O km/h): but it is obvlous that more sario
meteorological cocdit s would hare represented lizdtatiocs to the possb!blitles a

of the helicopter.

5. :- ceratiw with gmund vehicles. or awhibous vehicles or mbarkLtioas 'is
valuable. In ceses of interrztiocs of comunications, air reconaissance gives
indicatio of the mst desirable places to travel, or the most apropriate mema
of assistice: it informs assistance or-ga izatior centers, thus mking then able
to carm out the necessary measures; to indicate the passable areas. regulate the
flow of materials: provide for hygienic and san-tar masures- T this field
also. I. is clar that ths perfection and t!n aftptation of rafo comn!icrtIoa.;
will more V-eat'y aid air reconnaissance, a!loowi direct -4i-cat

II j TABLE 1

(a) N~sber of belicopters employed - 1 05
(b) Nmber of persons saved. ... . . . .i96

(cj Nzmaer of sick. invalids and wounded carried 996

fd) N-mber ofliilians r-.Sorted urgently . 479

(e) Fatal accidents - I (a person wbo raised her
arm just prior to completion of winch
rescue, and fell fon the strop) . . . I

(fM Total live and material cargo weight
transported . .138,540 xg

4
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DISCUSSION

Mg CIr atsa comeated that he had seen no flotation aids on Ohe illcstrations of
the heLicopters in use in the Italian floods. Were -o such 4ids Taiilable?
kig. Gen. Pagmelli zeplied that .2 emergengy was such thL e the spot iwrc;isation
w.s essential. and that ta time was -railable for the 2',vulsition and fitting of such

I 'Ir Fryer asked bow Instructions bad been ien to the refugees with regLard to the
clearance of'obstructions and the util.sation of rescue aids. Brig. Ges. Pagmelli
replied that prblic-address loodsv.akers were carried by any of the hellco~ters. others
had used large placirds. FortualeIS ry of the population in the Po delta ovied
boats mnd vere -Rble to row into cita- areas before rescue.

Brig. Gem. Laawcber asked whethr there had been probles with priorities and whether
people had wmted to take with tbes zoods and chattels- Brig. Gm. Pagmelli replied
that the hefcoprer rescue was generally restricted to the sick. vome sand chbldre.
There bad been little trouble with the poonlace with regard to accetance of this
principle md few had proved difficult over the questica of their posscssioes.

c Cdr Eley asked about wind atrmgths. He hWd read In English newspapers about wind
strengths of 80 a-p.b. Brig. Gem. Paganelli replied that these reports would appear
to hare arisen from failure to cwnert units; to hin knoledge the mixwm wind speeds
In which they d operated had been 80 ka per bour.

A

I
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SES19SE

Les !ilicoptires S-61 de !I es-adrille lI,. 722 IMF cat ite -.mpelis spowr
-Teri aui secours du fem-y 1-kcersif qui -o!f i 25 a-I 1es e U2-c~te.

Bans des coodit'ons diffi1ciles . Tec graza&s Ilzs, et, par falble
visibilti. 69 passaers et A-ulipsge ot± Zi±I- sasmis wr hlimcptres. et
75 Par raIz-ies. Le cumandant de burl -,u ;5reii~ hltwirsur lev

Des observations sont fattes s--r Ics -dl ff icritis -re==leeS dazs
circ~.estances urcerites. et les tensas -fts .4-es et ysogtqeJ
lwos4s acr amefters et. amii -escAP&s soat discat~ea



I3

53

I_

OPERATION SEAGERAI

Yjor LS.Perarsen, RDA?

Zefore I star. to describe the "Skagerzk" operation. I would like to gire ya-1 scaie -

inforilatIon about the squadron and its Sikorsky S-61A-1 t!acopter.

No.72 Squadron Royal Danish Air Force is the ocly rescue squadron in De ark. and
se cover the Copenhagen Flight Infor.atioa Region. We have permnertly 3 S-612s on
an arc3-the-clock SM-dity within this area. 7hey are all under operational control
of the Res-me CDo-ordination Centre (9MC) at Karup. The squadron itself is based at
air station Vaerloese. 9C% of our aissions take place over open sea. and cOnsist of

pick-ups of wounded fishermen, the rescue of people from capsized sailing craft.

resiing do-ned pilots and rescuing people wuh have drifted to sea on "air mattresses*.

Me S-61 is de.veloped fr= the U= SH-3A. which Is used Ly several forces in the

anti-subarine role.

The major differences zre.

,1 1. Fuel, capacity is increased to 6.200 lbs which allows about 6 hours flying time.

2. Bigger sponsons. not only for emergency landing, but also for shut-down on water
In waves up to 2-3 feet.

3. A higher tail cone.

4. Two batteries for start-up independent of ground supplies.

Normal grosswe-gbt 19,100 lb. SAR overload 21.500 lb.

Maxim-m cont cruise 120 kts.

Normal cruise 100 kts.

Max. range 650 -700 NN.

-With bucket-seats installed there will be rcom for 25 persons on board. including
crew.

Max. aitittude 10,000 -14. O0 feet depending on weight,

SAR crew: 2 pilots

, radio operator
I hoist operator

_ 1 rescue man.

Occasionally on special rescue missions a doctor will take part.

- -. . . . . ... . .. . --. -
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Specia equiaen~: Automtic stzbilisation eqzuipmtI

Dec- 3* A with rollee mp

Sarah type R825

IFF/SIPV APX 25.

MHFARC 34 (225-399.9 sic) wi PV1i which gives ahoming capability in AF.w
positlon sn-auy transmission with the hbover" indicator in mode Ir.

Padlcccpass ADF 72 *1th hosing capability on 2182 kc.

Radar altimeter AIDN 117.

l~pes of hoist operations perfo-rae-d are single. dcuble
and stretcher4lits.

OMEATION SKA6EiAN

After thU, short introdubtion Xt :tquadron-and its, equipceut, I will continue
with the operat ion OSkggarkb. the greatest mission evezs required of the Danis'. rescue
orgaassation.

The 7th of Septezber 1%6 was a showery and czori~f day with wixid speeds of 30 -45 kts
from the west. ceiling rround 2000 fe-et, visibility of 5 I ad waves of 20 ft to 30 ft.
nTe P= at lamp received, it M0. -brs Z. inforaatioa that the ferry "Skagerale' was
leaking at a position o'f 573514 -0902E (approxinately 25 IN from the coast of northern I

Jt").Itwsoit y from XrlstlanssaM~ (Norway) to Hirtshals (Denmark) and was

withnw te nerta2zg&ne s to t Mhe lnioper were sncai e anur er at

helcpe grsssaae was the tiste from the soaIo nVelee utemrR

frry. Alo cloiven of ara, tonda trafi wasporded, soa that fer hadlanche
coldIt haveaf aree wo ore thfera andotiat 5~det the staineard ios betveri
seirius. Anbustarted dohtawto fr ck the suholara were plot d to mn ofv thaisn
find thelihopita was orered for styIhe er-Pae nrlmohe revsto of the heiortles

injued suri. efeng iis were made foh andngaila at I~srvio airfela

eAt 1.25 itas a r epoirte t ihl asener t-h dtte for. F5alse iotion

Atrciva 11. sayingte that all' fEezr had left ths ifrryais inedateonwas ecevedat 1.36 saingtha Viefery hd snk. ibi inormti-o wa imeditel



55

corrected from the helicopter. Owing tc the strong head winds the 2 other SAR
helicopters and the 2 extra hel'copters, which had been sent from the squadron, did

not arrive on the scene until 12.402 to 12.492.

Mie 11-st 18 survivors were landed in Anstrup at 12.55Z. Until now it had not been

possible to get information either from the ferry or the oners how mny persons were
on board the ferry, but at 13. 04Z information v: given that wthere were 170 people on

board. After completion of the mission; the final figure was 144 persons. At 13.15, 7
(approximately Zi hours after the arrival of the first helicopter) it was reported
that only 11 people (all crew members) remained on board the ferry.

At 14.42Z the 'on-scene comander" reported the situation under complete control.

and he asked the ships in-the area to pick up empty liferafts and lifeboats, so they
were not searched runnecessarily. At 16. 43Z no other survivors were sighted. The
11 crcw cembers on board were asked to leave the ferry if they wanted to be picked up

before dark.

At 17. 35Z the last man was picked up and at 18.15Z the uhole search was cancelled

due to darkness. All helicopters landed at airstation Aalborg at 18.46Z after a

successful mission in which-69 survivors had been picked up. A .further 75 survivors

were picked up by 3 different ships in the area.

As it appeared from the helicopters that the wooden lifeboats had most difficulty

in the cruel sea, pick-ups were started from these.. It was decided to spare the

rescue-can and use single lift instead of double lift - which we normally perform -
due to the possibility of having the rescue san injured 17 a collision with the boats.

as they were completely unstable in the high sea. A little later the helicopters were

requested to evaluate the possibility of picking people up direct from the ferry, but

that looked far too risky as the ferry rolled violently 300 -450 ond also pitched a
great deal.

All swimming survivors were picked up in "double lift", as nearly all of them were
completely exhausted from fighting the sea. In such cases the survivors were flown

directly to the airfield for quick medical attention.

On one occasion a capsized liferaft which was expected to be empty, suddenly became
alive when one oV" 12 pers.. on board cut a hole in the bottom of the inverted liferaft

with his picket knife, so that they could get out. They had been stand Ang on the roof

of the liferaft, gro-n ups and children among each other, hardly able to breathe because

of the crowding. Some of them jumped into the water --i were picked up from there.

others were rescued direct from the dinghy.

Blankets and flying jackets were used to protect the most exhausted survivors, and

everybody was engaged in helping to preserve his or her self. It was evident that the
engagement in helping meant a lot to the instinct of self-preservation.

Even the ship's dog and the ship's money box were picked up.

Fifteen of the pick-ups were made as double lift.
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The a-ental condition of the first crew in the area, as the' were alone for the first
1.7 hrs. was that they were a bit nervous and afraid of not being able to overcome their
task, by not being able to make the pick-ups quickly enough. All survivors were waving
their arns and it was alziost impossible to decide where to start, as you could not be
sure who would be first to give up and drown. The crew hoped they cocld keep all their
equipment working for the whole operation. From the tremor in their voices one could
hear that the crew members were working under a bigh pressure.

None of the cre7s had bad sny special education or training in how to stand the stress
uf seeing severely wounded or sick persons. They are all able to concentrate on pick-ups

of I or 2 persons. as +-his only takes a short time, but this was going to be a long-
lasting and fatiguing affair. One' s insufficiency In this fight with the elements was

realized right away. It would be hard not to feel sove guilt if the situation worsened

and many of the survivors were n-t picked up in tiide.

It will always be of great help to have a doctor on board on special missions such
as this when serious casualties are expected. That is - he can take the responsibility

for the patients-when they get on board the helicopter.

The rescue man had to withstand severe stresses while doing his Job. He was often
dragged through and under the :surface of the water and maybe hit by different objects.

All this exhausted him so much that after just one double-lift he c3uld hardly stand.
'Me hoist operator who uses his right hand to guide the hoist wire and reduce the
scillations became very "ired and tensed-up in all muscles as he also had to help

people into the helicopter.

One of the surgeons iho took part has sent me a few notes on the state of the
survivors.

Most of the patients were severely physically affected by the unpleasant experience.
Most of them were exhausted and wet and many were worried about the unknown destiny of
other members of their families. All this induced a light stage of shock, which for

the most of them was quickly relieved by fzlendly treatment, warm clothes, warm food

and a feeling of security, especially when they got information about their relatives.

A l together. 19 patients (10 women, 8 men and 1 boy) were sent to the hotioltal.

Nationalities represented were: Norway, Holland, Italy, France and Germany. Only 5

of these patients were affected by the cold water. One had a small rather insignificant

injury of the spine, 5 others had minor abrasions, but were not seriously affected and
had no fractures. Two had serious bruises of the ribs, spine and feet, but no fractures.
One had a broken arm and 2 showed signs of minor concussion. Three had heart-trouble
and a couple had water in their lungs. Gne showed early pneumonia. Some were very
depressed, and one had lost her husband, who was dead on arrival although he had received

special treatment all the way from the very minute he got insilie the helicopter.

What characterized all the casualties was the influence which the cold water and

wet clothos had had on them. The state of fear, which for some came close to a nervous

break-down, was marked in all.

Only one needed to be kept at the hospital for longer than a period of 24 hours.
All were discharged in good condition, though some required further treatment at their
hometown hospitals.

I. ....'
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From a nedical point of view the whole operation was an easy affair without major
problems.

A very impressive thing happened Phen all the survivors got pe'misslon to buy new

ciothes. This, coupled with good news about their relatives, improved the condition
of tiverybody right away.

Food for thought: A 12 year old boy sitting in the sling holding on with only one

hanj, waving and laughing to the whole crew and with a repartee on his litp; 15 minutes
later the first pilot looked at him, and told me later that he now knows what the boy's

appearance will be when he reaches an age of 50 or 60 because that was what he looked
like then.

After 2 to 27 hours in the cold water - temperature below 100 C - a 24 year old

married Danish girl was rescued. Her story in short was that when she jumped overboard
wearing a life-iest she had her little dog in her arms. Ibis dog meant as much to her

as a baby to other wives. She was dressed in a rather heavy coa t and walking .hces.

She tried to keep the head of the dog clear of the sea, but some time later she had to

admit that the dog had died, and that sbe had to let it go. Sh'rtly Eftcr she had left11 the ferry she had kicked her shoes off as they felt uncomfortable. Xfw, as she no
longer had the do- to think of, she realized the creeping coldness spreading up through

her legs and body. She was floating further and further away from the ferry, but all
the time trying to draw attention from either one of the aircraft or one of the ships

taking part in the rescie. Once she was very close to a Russian ship, but she passed

it on the side on which no look-out was being kept. She screamed for help in Danish
and waved her arms. A little later it came to her mind, why did she scream for help

in Danish? If they had heard her they would not have understood her anyway. Once she

got entangled in bladder-wrack; it got around her neck and body. She remembered that

she, as a little girl, had had much fun in "popping" the bladders in the fronds of this

type of seaweed. Doing this again kept her active for some time, and drew her thoughts
away from her more and more critical situation. Then she discovered the seagulls. At
one moment was completely aware that there were gulls flying around her. The next

moment she thought that they were vultures and that they were attaching her like the

birds in the Hitchcock film "Tme Birds". All these and many other things which happened

to her during her long stay in the cold water might have played a part in her success
in staying alive for so long, by keeping her mind occupied with different activities

i and her thoughts away from her more and more critical situation.

One hitherto unmentioned factor which is probably of the greatest importance in the

success of her survival is that up to an age of 20 she had taken *art in all sorts of

swimming, more or less every day. She had taken part in several contests and was a

swiming certificate holder.

A lot of peoplo would probably have given up long before due to panic, the cold water
and the hopelessness of the situation. In fact the cold water affected this girl so

much, that one arm more or less froze in a fixed waving position over her head and at

the moment of rescue she could move nothing but the distal part of her little finger.

She cannot remember a thing from the beginning of the rescue until her arrival in

hospital, and was probably at the moment of the rescue as close as she could come to

unconsciousness. The next month or so, she was broken in body and mind, but after

participation in a paper on the uSkagerak" operation where she heard about others'

d.ficulties and about the whole operation, 6he started recovering.
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3ct sbe ill S for a my lc=4 periOd take a bath Jin a bathzmb. visi- a .wj-img-
pool or svizbatb. or take a sula XIx.u a hescb dze to the- psj-c-ic 1#Ioelve of the ole
disaslter and her Rog stay in the cold water.

7be c-rms of t"- helicapies did~ft bare a hevlthy mosd sleev zhe first c~wle
ofr da:7s due to the my iressioos. masty of frizbte~td Weple s faces. be, aiso a I
few cases of b einj~s' bebawicxmr *- tb~y t= into. *5eaL 3w~ cld cal a sort of
dseeratin. =ot to say anfr2s. I= their figbt fo5b. life bF beivZ first in being
res~ed aead Of ChildfreM 2=d WO

DISCUSSION

Cal Wow.n tb~kfn X lor Pemrse for bis pap---. said tbaz be was qe that- be was
K reflecting the viem of the indierme Im stating that 34jor Petersen had given a

rewarkably flne ac~t of the plysical and-awtal effets of expos;-:e mad damger.
His was a most vakcable firsthand mcco~t-of the tpe of sitzatici wbich aor rescme

malnsatin m~s. be Prepared to deal with..
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We atereievd tbedeveloaienof heliccpterre in zilitary and moedical tact! cs.

npllatlm Riee. I Isthrcaj! this zdiaz thatth emawxclsisGf=
5CCeti~sareVrledto ffmtaft the freedx of txbzse wbo strmgre to mwcld theL-

am= estlpy.

(bl Clc- L&S sbcon the order of tatc?'! as Lieliccpters are- emplay~ed: tactics.
m,,l IVy. frize poer. lotistics. cmn-d. wx CL- Elo* bas traced the icissitndes
of C~erutic~s In =nw. to a dezee rzknnwn. areas. where men oeron the hzits
of their ecuaot; EY Invenicu techmiaces. I beliere here we were told of the olti-
wae cxmbilitles of crews != te. ,z of flf bocrs amd fatigue. iez Lt OL- Willims
s-riSed the fi1=l V=1Cce Of I rZPi'dlY wrIng ewolCti=a7 Process - the creation
of a task: force *Ich Is cniqely m=iie *= 7et carries Its -Y= logistic s~pa.

At tis point we exaiined the special. a -plicatozs of the helicopter in rescme
cperaticcs. Cept Rxkley Indicated the use of rescce personnel 7#ho were trained as
medics, para&thutists and I= the mse of SM3A. Air refoellim, was sbo"M to be feaceible.
Gn.&Cneiii -em otrated the Practicability of helicopter omztioas in cii disaster
cas--zlty control. Fie confiraeJl the probleTSs of air hoist, at thbe Sal tine re-
esc1-asisint the Psycholotical bxst whicb orbiting rescrte -'e-rscael r-or.ide the stricen.

M iajor feersan described a huge oeratlcu condacted !- a5he-rt tize an-'e dif~cult
condItiocns. He delineated psychoxoical problems Presented by casualties.

Vu'lnerability of xn his really been the underlying tbews of all these pr-esentations.
It has been shown repeatedly that theiv mast be a welding of can with nachine - that
meticulous training of flight crews and cowsn-ders Is, as uscal, the essential ingredient
to assure success. ftm's frailties are both enotion-al ad piysical. He fumbles- when
aftaid - bat his fear can be eradicated with training. Under operational circmistsnce,.
only strict discipline with regard to field sanitation can control diseases. An enteric
upset, particularly a diarxzaoeal disease. can abort a miss ion Just as surely as gunfire
or fuel lack- While he may spend nucb time in the air, man' s natural environent is
still the eart where he lives in ecological balance with bacteria.
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SUNWIT

The juridicial protection of helicopiers on aerozedical missicns ces under articles
36 and 37 n the First Geneva OCnvention dat'1- 12th Aagust 1949. and article 39 of the
Second Convention.

The present juridicial status is ineffectcal and izoperltive due to gaps, aubiguities

and defects. These are:

(1) Lack t - precisicn in the definition of protected aircraft.

(2) Iasuf'-tIc!ent mean.s of signalling and identification of helicopters on an aerp-
zedi-al misicn.

(3) The obligation of a preliminary agreeseir on flight routes between parties at
war.

(4) Lack of precision in the practical delimination of the areas which can be flown
over, especially in forward missions.

To fill these gaps and remedy these lacks of accuracy, the author suggests:

(1) that protected helicopters include not only sanitary helicopters proper, but
also helicopters on occasional or temporary medical missions;

(2) that these two categories of helicopters be signalled, in addition to the tradi-
tional and distinctive red cross sign, by a direct visual syste of lights;

(3) that the obligation of any preliminary agreement on the flight route between

parties at war be removed for medical missions;

(4) that it should be prohibited to fly over eney territory, the territory occupied

by the enemy and the contact areas of c'.bat units. Provisions should be laid
down to specify the fate of an aircraft having landed, by accident or necessity.in a forbidden area or a neutral zone.

The author will present the text which was written out in June 1966, in conformity
with these principles, ty the medico-legal Committee of Monaco, at the request of the
International Red Cross Committee, with a view to modifying the texts concerned with
medical aviation in the First and Second Geneva Conventions of 12th August 1949.
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LES CONVENTIONS DE GENEVE ET LA PROTECTIONI

JURI31QUE DES TRANiSPORTS SANITAIRF-S PAR

HEL!CMM-1E DANS LES CONFLITS ARIES

G&-&2a1 Wajr Uddecfra E.Evrard

1. MEERALITES

Les voetix Ads par direrses saecifis op coauizssons Juridiques (50e Confireace de
l International Lay Associatio3. Coaissio!2 de Droft International Mdical. de I.L.A.
dans sa rion de janvier 1962 1 Likze. Socidtd franqaise de Droit International
316dical dans Sa s~ance di H4 Jai 1962) ont attird l attention stir le prob1affe. in-
Voitant, pour le foectionnezwt doi Service de Santi ea temps de guerre. de la protection

de 1; he-Icopt~re sanitaire. Ils compldtent les cris dr alarne lancis par des n~decins et
des juristes. Citons notament des Cilleuls (Revue Internationale des Services de Sant6.
aoftt-sep~vteribre 1962. p.4=17A.10). &-ounler (Pe-.ue dc Cor.ps de Santd MIl 't atre, 1957.
p.392-401)*. Petchot-Bacqud (Le 39decin de R4ser-ve. mars-arril 1960. p.43-49). de !a
Pradelle P. (Bulletin Intrfrnationa1 des Services de Santd. aoilt 1954. p.-376-380).

I Schickeld A. (Revue G&ale de 1i'M'. 1950. No.4. p.847-854). de Lasala Sonper (La
5 proteccion a lris heridos. enfermos -T nan! ragos, de las fuerzas arn-adas en cawSna -

1 1964) etc.

1A SocAlitd Internationale de Droit. pincl militaire et de Droit de la guerre a Mis
cette question a P ordre du jour de ses travaux en 1964. Elle a chargd son greup de
travail pour la protection de la vie humaine dans la guerre moderne d en faire tine
dtude approfondie.

La Comission m~dico-Juridique de Monaco a consacrd A ce problame tine partie im-
portante de sa 5e Session en j'ain 1966.

V'hdlicopt~re ast tin agronef. puisqu'il s'agit d'un v~hicule se ddplaqant aui dessus
f du sol. Lorsqu' il accompllt tine mission sanitaire, sa protection relave des articles

36 et 37 de lai Premi~re Convention de Genave dui 12 aetit 1949 et de Varticle 39 de la
Deuxi~rne Convenrion. Ces textes constituent actuellement le statut juridique pro-

'A tecteur d "'aviation sanita ire dans le droit international.

L' aviation sanitaire a dt introduite dans la Convention de Gen~ve lors de sa re-
vision de 1929. Un statut protecteur particulier lul fut accordd. A cette dpoque.
le torme 'adronefs saxitaires' dont il est fait usage dans le te~cte de la Convention
ne sladressait en pratique qu' aux avions. V' h4licopt~re r.'dtait pas encore n4.

Les conflits arm~s qui surgirent apr~s 1929 mirent tous en dvidence les dlfficultds
insurmontables de la nise en application, des dispositions particulibres du texte de la
Convention de 1929.
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Durant I& deuxiise guerre mondiale. notnment. tons les belligetrants roWirent arec
les; prircipes dii transport de- blesses sous le convcrt de Ua Convention de Genave.

A d~fact de possib~litis e fonctionnewent et de randeoent d'utne aviation sanitaire.
r~poiidant eai vae de sa protection. aax clauses de la Convention de Gen~ie, 1'laviation
allitalre de transport se Tit confier 1' dvacnation des blessis prr Youe adrienne.
Cette Evacution devint ainsi une aission ilitaire absolument, normale.

L V~acuation sassive des blessis et salades par air est certinenent 1'utne des
rialisations; les plus iwportantes de la, Derxiise guerre mondiale dans; le dosine L4dico-
utilitaire. Sans doute. prisents i bord d avions de transport militaires, aminagir
tewerairexent en avions sanita-res et effectuant leurs vols san~s tenir compte des
exigences; de la Convention. le perignel sanitaire at les; blessis ne pouvajent pri-
tendre. an cours do transport. i tine garantie quelconque de protection. Fbrce iftal-t
done d' acc~pter le risque que cosworte 1' eswloi en tews de guerre d' tn aian militaire
de transport ne r~pondant pas aux conditions d immuniti. Mais les Eivinements ont 1
prousd que le risque dtait aine. i condition que le belligirant poss~dfit la sup~cr-
ioritL de 1air dans la, zone ofi s' effectuait le transport et darant It pdriode de son

accawlissement et i ,ondition de rne pas survoler des zones difendues par la, DCAI
'1ese

An contraire. les risques deviennexat Enormes; en can de niconnaissance do ces c'in-
dition-s qui sont indlspeasabke poor la nise en Jeti des moyens de transport airifnsI
imec ler souci d tin degrd sbffmant de la sicuriti dti vol.

4 Lorsque s' ouvrit en 1949 la Confirence nhargie do pre'Psrer la. revision de la Con-
vention de Genive. la foraule de I' aviation san"Itaire telle qu' elle-figurait dans Ia
Conventio3 de 1929 apparaissait. i la, luai~re des dv~nements de la Deuxiame guerre
mondiale. sans grande portie pratique.

[I Ndannoins. les Onaes principes rurent r~sris dans les Conventions du 12 soOt 1949.
11 est vrai que quelques dispositions nouvelles tent~rent d' apporter un peni de souplesse.
Les adronofs ne doivent plus .,icessalrement Otre peints en blanc, mais ils; doivent

porter la croix rouge sur food blanc sur leurs faces infirieure, supdrieure et latdrales;I
uls sont autorisds & survoler les, pays neutres sous certaines conditions. Mais, par
contre, pour pouvoir b~ndficier de la protection, non seulenent 1' interdiction de

renforcde et prdciscfe, mais, changement capital, les adronefs sax4 taires ne seront

respectis que 'Pendant les vols qu'ius effct,'ueront I des altitudes, & des houres et
suivent des itindraires spdclfiquztnent convenus antre tous les belliggrants intdressds'.

Cette clause, pour reprendre 1' expression d~'un Juriste dninent qui est tin des
pionniers du statut international de 1' aviation sanitaire (Paul de La Pradelle), 'cloue
l'aviation sanitaire au sol'.

La guerre de Corde ne fit que confirmer dWatne mant~re delatante, le r~le irremplagalble
et la valeur considdrable de 1' avion militaire de transport pour l Evacuation rapide
des blessls vers lei, h~pitaux de traitement dfnitif dans8 les zonse arr t
de 1' intdrietir, o'cst-i-dire i des oilliers de kilombtres d~es zones d' opdrations. L' on
n'assista & auicune tentative de protection juridique de ces transports adriens. Ceux-ci,
de nene que pendant la Deuxi~ne guerre mondiale, furent intdgrds dans les plans et les
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principes de la logistirzue a~riemie. et. dans les conditions de ce conflit tras localliL
furent sengs i bczna; fin sans qu' on ressentit le besoin du status International de

Ws en: teps a guerre. de Corke sarcua 1' apperition de iilcoptare come

La faible altitude d' euploi de cette machine. sa vitesse relativexent peu dievie,
son uiiainsur le terrain mmte du combat saint autant de caractisristiques qui
1' exposent itde risques -d' attaques par- les arus d' infanterie et d' artillerie an cours
de sa mission sanitaire. Il W est donc pas dtonnant que ce soit A propos de 1' e~loi
de 1' hdliript~re en temps de guerre que des voix autorisies se soient fait rdcement
entendre pour ddplorer les graves lacunes qui subsistent dans le status internationalIn194 l cite ranit aul: de La Pradelle, diji citi plum. hiut, dcaat

'wuI'on l eil unda s u tat actuel, les Conventions de Genive condam-
nent 1'epo de 1' hdlicoptare en temps de guerre. L' article 36 est inapplicable
au asd l'hdlicopt~re.' (Bulletin International des Services de Santd. aoftlt 1954.

Danss publications r~centes, inddecins et juristes ont contiu de demander une
soltio icette situation pr4occupanteL Le bien-fondd de leur argumentation repose

ju e fi5 Les guer-,es d'Alg~rie et du Vietnam ont montrd quo les conceptions qul
avaient 4t b~ties au C-ours de la guerre de Corde star 1' emploi normal de 1' helicopt~re
pour des missions sanitalres dans la zone des combats 4taient en fait tras optimistes:
Ucs pertr-c importantes en hdlicopt~res, abattus au cours do ce genre de missions, par
le tir d'armos l~gares ea~ provenance d' 4mennts avancds ennemis et de petits groupes
isolds et camouflds en 13noignent.

Dans un rapport prdpard pour la 50e Confdrernce de 1' International Law Association:1 (Juin 1962), le Mddecin U1ndral R.Jovanovic (Yougoslavie) dcrit:

'Les h4licoptires, d' apr~s los r~gles cqui sont en vigueur, no sont pas suffisamnentI I juridiqvoment prot~gds, dtant donnd qu'ils neo euvont pas 5' adapter aux conditions
prdvues pour los avions sanitairos et co sont prdcisdnont ces conditions qui constituent
la base de la protection juridique.'

Il taut soulignor que des progr~s techniques considdrables ont encore permis d'dlargir
st do divtsifier la gaznme des omplois militaires do l'hdlicopt~re. Outre los missions

~I I d'observation, de ronseignenents, de photogrvphie, de transport de troupes, 1'hdlicopt~re
peut aussi accomplir do vdritables missions de combat: des types d'hdlicoptbre sont
actuellemert qualifids dlhdlicoptares d'assaut.

Vouloir rdserver 1'hdlicoptare uniquewent i des missions sanitaires. connie certain.%
mdd~cins et juristes 1' ont proposd avec une certaine candour, pour sortir des impasses
actuelles, est une pure vue de P esprit, doublde do naYvitd. C' est mdconnaftre la

rdalitd ot s' enfoncor davantage dans le royaume des illusions.



~s eudes vcei e traati -1.u se sont surtout eoncentr~s suir le probliue de la,1

Protection Juridique de I' Ilicoptbre, pourraient donner i penser que les addecins et
juristes. sp&iulistes du droit interaational midical. dkourscis par les cosplications

de 1' laboration d' tin itetut protecteir do 1'aviation .5anitaire englobant tons les
adronofs oti conscients de la profoude disaffection -aontrie jusqu' & present par les

trouver tine soluticn limitle i 1' bdlicoptire, qui. Wii. est particuliarement exposi
dns sea-missions de ramassage i 1' av-ant et d' evacustion prigaire.

Tine telle -conception. tendant & dottier tin atus particulier i I' iilicoptbre. sersit

pEhure:: tecbniquemexit. elle ne se justifie pas.

j. r~lle serait peu heureuse parce qu' cii retarderait encore la r4glementation du
statut de 1' ai-ation sanitaire. 11 tie nous parit done pas opportun de dilaisser le
concept g~hiral de I' adronef, pour s' engager dshs lea particularitds techniques actuelles
d'utn type d' appareil, sous prdtexte que sa voilure eat tournante et qu' il pett faire
du 'stir-place'.

2. Cette conception de diffierenciation tie s: justifie Pas. Enx effet. 1' indvitable
rgadaptation du state. de 1aviation sanitaire aux conditions actuellement .pr-dvues pour

la conduite de It guerre Porte stir quatre points essentitels. Ce sont pr4cia~'.ent ceux
4 dont lea textes. dans les Conventions I et HI. contiennent des lacun.!s, des edquivoques

lea types d'ae'ronefs. quels Qu'ils soient. Ce sont:
(a) la dffinit ion des appareits protifgis: avions et h4licoptibres

(b) L'identification de la mission sang taire par des moyens complizentaires modernes,
visuels oti non visue is. Ces moyens existent et pciurraient etre eppliquds & tous lea

t adronefs, dont 1' hdlicopt~re. Certains sont simples et ne sont ni encombrants ni
ponddreux. L' adoption de 1'utn oti d6 deux d' entre eux rdpond & tin rdl besoin pour la

protection de tous lea types d'a~ronefs.

(c) la suppression des exigences d'accord pre'alable portant sur L'altitude dA vol,

L'hieure, etc., exigences qui ddpouillent 1article 36~ de la Premi~re Convention de
toute valeur pratique pour tous lea types d adronefs saniltaires. Si 1' identification
devient aisde et claire pour tous lea combattants des armdes de terre, air et mer dana
lea deux camps, cette clause, mortelle pour l'emplet de l'a, iation sanitaire, peut
Otre abolie, parce qu' elle eat ddpourvue de sa. justification.

(d) la de'limitat ion pratique de la protection juridique des ae'ronefs en Mulson
sanitaire au-dessu$ des diffe'rentes zones des terrains d'oprst ions. Cette d4limita-
tion doit etre prdcisde pour tcus lea types d'adronefs. L'hdlicopt~re ne consti~ue
pas tine exception, bien que lea mddecins militaires et lea juristes en droit int'r
national aient, semble-t-il, polariad actuellenent leur Intdret sur ce cas partictuier
d'appareil parce que le problbme de la protection juridique de l'hdlicoptare en mission
sanitaire se pose avec tine acuitd pressante, dana la zone des combats, pour des missions
de ramassage stir le terrain et d' dvacuation vera des formations do triage et de traite-
ment chirurgical d'urgence.
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Dans cule so uatrEl poufres ssuer laetuneen u protetin uesiu de 1'hp~e snicotr

taire zais auss i ce qu' elle puisse s' int dgrer i 1' occasion d tine rdvision des Con-
ventions de Gen~ve dans des textes capables d'q~ssurer 1' i-nunisation. sous certaines

conditions bien prdcises. de tout type d'aironefs s'znitaires.

2. LACUNES, EqIJIVOQUES ET IMPERFECTIONS DlU

z STATUT JURIDIqUE ACTUEL

2.1 I~finition des Appareiis Prothgds

Scion le 1cr alinea de 1article 36 de la Convention 1. la bdndfice do la protection
est accordd aux 'adronefs exciusivemont utilisds pour l'dvacuation des bless~s et des
malades ainsi que pour le transport du personnel at do matdriel sanitaire'.

Cette formule est dqu5ivoque. car elie petit d~signer salt ies aeronefs sanitaires,
au sons restreirit du teome, c' ost-iA-dire les apparoils afifoctds en permanence et en

I exclusivitd atux services da santd des armdes. soit les ae'rcnefs militaires ope'rationnels,
uq ui seraiont oceasionnellexent affectds A tine mission sanitaire temporaire, alors

qju' us sont normalement utilisds A des fins d' hostilitds (transport de troupes oti de
mat4riei).I Cot alinca do l'arciclo 36 a donnd Aieu A des commentaires divergents ciui ont encore

accentud 1' 6quivoque. Cette derni~re porte tout autant sur les avions quo riur los

bilids n aparilset a vaidt crissntedesmissions quo les Etats-Majors peuvent

pas ctulleentunetenanc A ourdiserson i Alour sphcialisation exclusive aui

Certs, utre1'eploidlhlicotbrs baali d o ds fins occasionnellement sani-

Toutefois, lo nombre de ces hdlicopt~res spdclfiquement et exciusivement sanitaires
noe redrdsente qu'un faible pourcontage du parc d'hEdlicopt~res amdricains.

Par contre, en France et en Angleterre, pour no citer quo deux nations disposant
dgalement d'un nombre important d'hdlicoptres, il nWost pas actuelloment prdvu d'unitds
d'hdlicopt~res militaires, exciusivement rdservds au transport sanitaire. C'est 6gale-
mont le cas en Belgique. Chaque pays a, dazis cc domaine, sa conception particuli~re.
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11 est & prisumer quo la, plupart des Se-rvices de Santd militaires. mOues s-Ils
poss~dent en propre des b6licapt~res sanitaires devrotit surtout ccwter en temps dogureKorc-vi oslus ecise air 'vcain u e pael
usages multiples, convertibles en version sanitaire 1 12 demande.

Cereston le; Srvies e Sntdmilitair-es. conscients des missions qui les
attendent en temps de guerre, se rendont comwte qu' us devraiewn' disposer d' un parc
bien dtolfd d' h~1icopt~res aaabitaires, rdpondaat aux exigences des Cnventions. A
difaut do Douvoir atteindre cot 6Djectif iddal. il inporte quo du momns les appareils
Nis L. lear dispositilon, sous quielquo modalit4 que ce soit (miso Sul ordies, affectation
pour =-e czriaine dud-.e & uno uniti mddical6, etc. , portent alors ostepsiblement ics
zigneci d- identiflcat ion pr-,us pour les appareils sanitaires, et antuellement l a croix
rouge. en attendant sieux, malgrd los insfiffisances du a'ystise.

Ceci est particuli~rement import ant pour loi b~licoptakes ligers affectds aux unt.tcs
midicales pour des missions de ramascsge et d' Evacuation primaire. dans la zone do
l1avant.

Fi tonte logique. les Cammentaires de la, Convention No. I de 1949, publids sous la

direction de Ur Pictets, attribuent i un adronef temporairement utillsd pour use mission
secourable le bindfice de la protection 5' ii respecte los clauses de 1' aticle 36. 1i

et repeindre des croix rouges sur fond blanc, selon la, nature~ des diverses missions se
succ~dant au cours d' use mfte Journde ou d' one meo phase d' opgrations militaires.

11 est houreux que la, plupart dos types d' hdlicopt~res pormottent urie fixation aisde
et tr~s rapide do panneaux amovibles portant des croix rouges sur fond blanc. On pmeut
regretter quo co systame no puisse pas encore 9tre g~ndralisd sur tous les typos
d' h~licorpt~res. La vitesse do ddplacement. mains grando quo celo -;os avions, pernetI 1' Edviter P arrachement do ces panneaux penc--nt le vol. Etant dousE 1absence d' enpen-
nage choz les hdlitcopt~res, il n'y a pas lietn de redouter, czione c' eat le cas pour los
avions, quo ces panneaux vionnent bloquer ou ddtdriorer des parties vitales do 1appareil,

s'ils vionnent A se ddtacher en vol sous linfluence du ddplacoment d'aii'.

Pour la plupart des hdlicopt~res. c' oat i dire coux qui sont demeurgs :)fnalisds et
peuvont 6tre convrtis momentandment en versiou sanitairo, on so trouve donc devant une
situation boh~eoup Plus favorable sur le plan pratique quo poor 1' aiion en ce qui con-
comne lea exigences actuolles do l1article 36, en cas d' altomnance rapide des missions
sanitaires et des mnssions purenent militaires, du mains pour ce quL regarde le signo
d'identification do la croix rouge.

La premi~re question nui doit Otre posde ot rdsolue suns ambiguitd dens los teytes
etdonc do savoir si cette pratiquo, basdo sur l'expdrionco extrenement favoraole des

rdcents conflits dolt Otre confirnde en rdservant le bdndfice do la d~finition do !a4

Convention aux hdlicopt~res banalisds, effoctuant occasionnellement one mission
sanitaire.

11 est bien Evident qu' on statut futur do P aviation sanitaire ne peat condanner
une telle pratique ni y demeuror indiffdrent. Ii doit ao contrairo ls favorisot- at
gamantir 1' immunitd do la mission sanitaire effectude dens do telles conditions.
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Mais ceci ne doit nullesent eiclure la recherche Paral lel de laconstitution dun

Bien que 1expdrience des rdcents confflts W'ait guire dte favorable au concept d tin -

pare d' hdlicopt~re:- sanitaires exclusifs, les juristes promoteurs de ce concept en-
~~ I ~ddfendent 1' idde sous tine variante qtii peruettrait 1'institution en permanence. pour 1
[ le temps des hostilltis. d' une flotte adrienne sanitaire, placde scus la dipendance

des services de saat4 des balligirazzts, et qui, en aucun cas, ne pourrait etre utilisie *
t pour des opirations de guerre. Il s'agirait de mettre i la disposition des bellig rants,

i la condition, sans doute, quil s ne soient jamais banalisgs & des fins militaires.
des mayeas adriens (avions et hdlicopt~res) publics et privds, que les Etats neutres
et les Institutions internationales. placds par nature ou par fondation au dessus de
la M@l46, seraient susceptibles de mettre & la disposition des belligdrants. Ces
dppareils feraient 1' objet d'utne immatriculation spciale. V arez'ir dira si tine telie
conception est mat~riellement rialisable. Malgrd les difficultds o~ratiques qu'elle
comporte, elle est, en tout cas. juridiquenent d~fendable. Elle avait ddji fait 1' objet
d' une proposition de la Principautd de Monaco et de la Finlande lors de I& Cc',nf~rence
diplomatique de Genbve de 1949. proposition qui fut alors repouss~e, probablement en
raison de son caract~re de nouveautd.

Notre conclusion stir cette analyse de la situation, en ce qui concerne les appareils
relevant de la definition de 1' article 36 sera tiette. Le futur statut protecteur de
11 hd'1i-copt~re sanitaire doit lever toute dquivoque en prenant en considdration sans
ambiguitd deux catdgories d' apparellIs:

(a) les h~licoptbres militaires banalisgs, accomplissant des missions sanitAres
occasionnelles. i ccudition qu' ils se signalent pendant ces missions sanitaire-3
par des moyens d' idei~tification internationalement pr4vus A ct effet. Cette
catigorie doit actuellement recevoir tin rang prioritaire. puisque ces appareils
sont les plus nonbreix.

(b) les hdlicoptbres sanitaires, spdcialement et exclusivement rdservds A des fins
sanitaires.

Cette zsolutior polyvalente supprime toute dquivYque et tient compte de le defmesure
qui existera toujours, sutr tin theatre d'opdrations wilitaires actives, entre 1' nombre
d' hdlicopt~res disvoilib es pour le service de sant4 et le nombre de victines dont la
vie depend d' tne prozpte dvacuation vers tine formation de th'itement.

2.2 Signalisation et leentification des

Hdiicoptbres en Mitsion Sanitaire

Il est clair que cc sont les blessds qui doivent Otre protdge's . Les moyens do
transport ne doivent pas Otre protdgds pour eux-mnes, mais, parce qu' ils transportent
des blessds oti du matdriel sanitaire. Il importe done do POtiVOir identifier olairenent
et sans discussion 1' adronef effectuant une mission d- transpu;t sanitairo.

La Convention a cru rdsotidre ce probl~me essentiel de 1'identification par 1' .Mposi-
tion de 1' ernbime de la croix rouge sur tin fond de peinture blanche placd stir les faces
infdrieire, squ4rieure et latdrales de Pappareil. (Article 36 de la Premi~re Con-
vention, alinea 2.)



L~e signze trditio:-ne! de !a croix ro=ae ez les signes coozrremnts *ais (croisan
rouge. lio3 et soleil ro-.zes) conserrmt toqioars pour leur-s utaers et poar les
tiers quii ont zccept49 de les respecter. wne valear morale Ele dsyole 'Im~t
Cb ne pet dome objecter mdablesent & leur emloi.

Ce-oyem 6' identification est-ill efficace dens le cas des adrocefs? Actaelleaet,

il ne 11est certainteat plas. poar autant Ge 11 alt jazais et&

Dons le vol dn sour. il Wi'est pas touns possible de distinguer facilewent I&
couleur blanch~e et I& croix rotge. C' est. mitment le cas soms 1' effet des refistsI
da soleil et par tems br~ex

V hilicaptie Tole PratCeet toi~ours- ea-dessous de 350 aftres. V altitude en
opations sera le plus souvent voisine de 15 1 20 m&tres sar des Itindraires, on desf
che.1nements camorflis an zaxizm sax wues e~xenies. Sa vitesse de translation est
de loin imfigr!eure i celle de I' anon.

]I semblerait ivie 1' identification par le signe distinctif de Is Mnentioa (croix
roruge sur fond blanc) soft plus aiWe Que pour 1P ariod~ il W'en est rien. Aerarauns;
dl-abord que les surfaces disponibles pour le signe de la cr-ix: rouge sont scuient
aoins vrastes ounmoims Tisibles iqie celles des anions, puisrir 1' ~icoptbre n'a pas
d' aile et W, une partie de son habitatle comprend souvent une importante surface
viir6e- Les dIfficnlt~is de ditection, puis d' identification sont sajettes; aux newes
alias que. ceux de 11 anirn. Que 11 observgtear se trouve an so!. en 11 air on i la surfaceI

Par teas convert, on bruxeux. on anx approaches du cr~puscule, 1' identification
sera tris difficile. sinon impossible. L'hilicoptAre sera toujours one cible qui se
profile sur I' horizon, clu'on entend de tras loin, gu' on ne peat totalesent camoufler
et dont P identification W est possible que de tris pris, si cn se rdfbre aux seals
signes paints on placis sur sa surface.

Les nis:,!ots sanitsires de 1' hilicoptare se dironlent dans des conditions de vol
extrfaesent diffirentes de celies oil dvoluent les avions charg~s de seablables missions.

V' ii seable exact on' en peys montagneux on de relief accidentd, ils peuvent dchapper
assez facilesent aux attaques agriennes quand ils parviennent A dviter 1' attaque-
surprise, leur faible altitude d' opdrations les rend beaucoup plus aisd~ent vulne'rables
aux tirs d' armes ldgares en nrovenance du sol.

Le survol des zones de combat risque de les pl.,cer dans des situations extrftement
dangereuses si le caractare de cette mission nWest pas clairement et nettenent signald
aux troupes des deux camps, de's que 1' hdlicoptgre est visible, c' est-k--dire longtemps
avant que P'on puisse discerner s' ii porte des croix rouges sur fond blanc. Enfin,
1' hdlicopt~re. aux approches des dliments avancds ennemis, ou des gro'jpes de guerrilla,
risque de devenir, mfte lorsqu' il est encore an-densus du territoire anmi, une excellente
cible.



Mn ce QAi concerne P identificr-tion par des patroutiles; afriennes. ii faut noter
cue c'*est en raismx des difasts de Is touleur blanche que 1' on a r~cement zdoptd la
couleur j"-,-e-oraage fluorescente pour les avions; et bdlicopt~res des services de

secours et reDOchage, pour les avians d' kale et aussi pour les avions de transport.I afiectds an transport des persoznages izwortants.
An surplus. 1' attaqae des chasseurs d interception ne se fait plus L.courte distance.

I LV apparell, de quelque nature qu' il salt, est ddtectd par le radar. puis Identifid
come axi on ennexi. On~e, w' 11 est reconnu h vue directe. le cbasseu'r passe~ 1 1 attaque
I la lizite de portde dz ses arses. bien avant qu' ii soit possible de reconnattre le

z ~Croix rouge oa lz peinture blanche,

j La xrtde des noyens de ditection par radar et des armes d interdiction que sont
les nissiles sal-air et air-air rend caduque et d~suite cette notion d' identification
par le signe de la Croix rouge.

Certes. la deuxiae phrase de~ 1'alinda 2 de P~article 36 (Premlbre Convention) prdvoit
tpe :Ies agronefs sanitaires 'seront dotds de toute autre signalisation ou moyen de re-

j connais-vnce fixds par accord entre les belligdrants. soit aui ddbut. soit au cours des
hostilitds'. M ais, alers, cW est besucoup trop tard. C' est en temps de paix qu' il
faut pouvoir arriver & cet accord gdndral. Les dvacuations sanitaires par air auront
lieu d~s le premier jour d' tne guerre, surtout celles par hdlicoptares.

Devant le caractbre illusoire et utopique d'utne identification uniquement baste sur
la Croix rouge peinte stir fond blanc, ii importe de ddterminer ces autres mayers de
signalisation ou d' identification susceptibles d' Otre proposds A 1' occasion d' uneI rdvisiori de In Convention.

D=ns tine dtude (Pef. 1) qui a dtd publige en 1965. nous avons tentd d' dtablir quels
* seraient les mayens visuels et non visuels modernes qui permettraient tine identification

indiscutable et rapide d' une mission adrienne sanitaire par tous ien combattants des

trois Forces, san, exiger des appareils inbabituels oti complexes. Et connie In, ddtec.tion
pricade toujours l'identification, nous n'avons retenti que ceux pouir lesquels P'inter-
valle chronologique entre la ddtection et 1'identification est rdduit au mirimun.

I Pour 1'avion, la revue et 1' dtude des diff~rents Luoyens existants nous a permis de
retenir tin moyea visuel indirect: tin radar secondaire du type 1FF - SIF, choisi, par
l1interm~diaire de l'OACI, dans tin des nodes utilisds. En principe ce serait le node
3A, commun aux civils et atix nilitaires. Ce nioyen permettrait aux postes de controle
adrien opgrant pour Ia chasse d'interception et aux bases de mssiles, d identifler
intantanement, i trAs longue distance, l1appareil en mission sanitaire. Ce syst~ne,
dont 1'efficacitd ne petit Otre attendue qu' A une altitude supdrieure a 1. 000 metres,
ne conviendrait dvidement pas aux hdlicopt~res.

Heureusenent pour ceuxei, tin woyen visuel direct suffit, en raison de ses ddplace-
ments A basse altitude: In signialisation par feux colords tournants ou clignotants.
Rien n'enpeche d'ailleurs d'adopter aussi ce moyen pour tous les adronefs Quel que
soit leur type.

La distaace permettant 1'identification grftce A la couleur de P'appareil oti a des
signes de couleur stir In surface de 1'appareil (bandes colordes, croix rouge, etc.)
est de P' ordre du kilom~tre. Elie petit Otre supdrieure s' il s' agit de jaune-orange
fluorescent.
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V identification bzsie stir la silhouette de P! agronef. la peinture de la totalitd
oti d' tine partie de la, surface et sur la prisence de la croix rouge stir fond blanc eat
insuffisante de Jour et impossible de nuft.I

V' dmission de signaux ltimineux augmente d ati moi~is t.-ols fois. do Jour come de
nuit, la distance de d~tection et d' identification d' tn adronef par rapport i la dis-
tance basde sur la silhouette et la couleur, les conditions atisosphiriaues dtant

semblabies. Il serait donc d4sirable d' utiliser ce genre do moyen. Pour le vol deI
jour, c' est Ua lumiare rouge Qui so voit le plus aisdment stir u~n fond grli-bleu de
ciel ou dans 'a brume atmosphdriqtie. La d~tection, de nuit, d' tne luliare rouge est
4galement excolleate. De nuit, la d~tec-tion des avions, noen que par les lumiares de
navigation, actuellement utilisdos. est ddJA possible 1 700 m~tres par ciel convert;,
1 1.400 m~tres par ciel clair, A 2.000 m~tres s' il y a quartier de lune, 1 3.000 metres
par pleine luno, mais on annonce la procheine applicat-ion de systmes ayaat tine portge

- beaucoup plus grande. La edtectior. et 1' identification sont bien plus aisdes quand on
utilise uno succession do flashes plutdt qu'utne lumi~re continue. Come les couleurs
actuellement utilisdes pour los foux do navigation sont le rouge, le blanc et le vert,
il est probable que c' est A tine autre couleur qu' on dovrait avoir recours pour le feui
tournant d' identification do la mission sanitairo. Au surplus, les avions de transport
possbdent ddJA tin feu tournant d' identification rouge, visible itisuti A 10 kilomatres.
Il en r~sulte que 1'adoption d'utn moyen d' identification par feu colorg exigerait
1accord prdalable de 1' Organisatian do 1'Aviation Civile Internationale (OACI) mais
co feui devrait aussi avoir des caractdristiques telles qti'il no puisse preter ni A
confusion ni A abus.

Ii appartiendrait donc & la Convention de d~terminer ces caractdristiques cosine,
par exemple, la frdauence des flashes par minute et beun durde. Rien n' empache
d'utiliser tin systhie de code par flashes courts et longs, pour autant qu'il favorise
1' identification par tots les combattants.

j L'intensitd de cette lumi~re devrait Otre fixde dgalement. Il est certain qu'un
minimum, A d~terminer par les experts, doit ftre imposE.

Afin do iio pas gener los qualitds adrodynamiques de P avion oti de 1' hdlicoptbre et
d'Eviter les sources do confusion, il y aurait lieu do fixer 1' emplacement oti les
emplacements do ces lumi~res. 11 semble Wtiatne localisation sous le nez do l'avion
et A la face Infdrieure do l'h~licopt~re constituerait tin emplacement do choix. Des
exports so nottraient aisdment d'accord sur ces points do d~tail.

Un tel syst~me lumineux pourrait Otre installd A demeure sans difficultd stir tots
les hdlicopt~res, et mte stir tous los avions do transport. Il fonctiannerait stir
l1alimentation dlectrique do l1adronef. Larsque la inission prdsente un caract~re
sanitaire, 11 stiffirait aui pilate d'enclencher le fonctionnement automatique jusqu'&
la fin de is mission sanitaire.

Dans la spe'cificat ion relative A ce signal lumineux d'identificatio. do la mission
sanitairo, nous proposons los caractdnistiques ci-apr~s:

Couileur: rouge
Nature: feux internittents sous forme de flashes

Frdquonce du clignotonent: 60 dclats par minute
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durde d' un 4clat: 0.5 seconde

pause d' tin dclat: 0.,5 seconde -

Puissa2nce: 500 watts m~nimum

Emlacement: (a) avion: A 1' avant du fuselage urs peu en diesrc"t du
nez de 1appareil

(b) !ziicoptare: i 1' avant du fuselage, face infe'rieure

Pour les deux types d'adonefs, le faisceau lumineux est dirig4 en bas dans
le sens normal de translation de 1' appareil et forme avec I' axe longitudinal
de l1a~ronef tin angle de 75 degrds.

On objectera peut-6tre que ce systue d' identification, sans ignorer la croix rouge
sur fond blanc, s'y substitue dans use certaine mesure. La rdponse est aisde. En effet
ce ne serait pas la premiare fois que 1' on apporte des variantes au signe distinctif
destind i assurer la protection des Conventions. N' a-t-on pas accordd tine valeur
officlelle & d' autres signes? N' a-t-on pas adnis le croissant rouge ou le lion et
soleil rouges, pour respecter certaines susceptibilitds d'ordre rdligieux, alors que
le signe de la croix rouge, comne tout le monde le sait, est 1' embl~me helv~tique avec
inversion des couleurs, et que ce signe a dtd choisi en homnage A la Suisse, patrie
de Dunrat et sens lui attacher la inoindre signification religieuse? Puisque ce prd&
ce'dent existe et est consacr par les conventions, pourquoi. n' adnettrait-on pas
universellement, en comp liment du signe traditionnel, un signe de plus, un code lumineux,
sim ile, efficace, r~sez-v4 aux moyens adriens? Au rest.a, lea voitures d' anbulance des
services civils de secours de plusieurs pays et m6me des services de santd nilitaires
n'utilisent elles pas ddjA des feux lumineux pour faciliter leur passage dans les rues
encombrEdes et franchir des carrefours sans devoir respecter les r~gles de la circulation?

* Si us moyen lumineux de ce genre dtait admis et universellement reconnu, il aurait
l1avantage de pouvoir btndficier des nombreux progr~s que les recherches stir les mdthodes

K d'illumination pour la photographie de jour -t de nuit permettent d' entrevoir et
d' espdrer.

Ainsi donc, on dispose actuellement de dispositifs lumineux, simples et puissants,
valebles de Jour, de nuit et par tous les temps. Leur portda n' dtant limitde que par
la ligne duz regard pour le combattant terrestre, ils pernettent la simultanditd de la
detection et de l'ideptification.

2. 3 Suppression de 1' Accord Pr~alable sui- le Plan de Vol

L'article 36 de la Convention No. 1 de 1949 prdvoit quo les adron-efs sanitaires no
seront respect4s que 'Pendant los vols qu'ils effectueront A des altitudes, a des heureb

K et suivatit des itindraires spdclfiquenent corvenus entre tous los belligdrants
intdressds'

Une limitation aussi sdv~ro de l'emploi des appareils fut introdulte en 1949, sous
prdtexte d'assurer la sdcurltd des vols, Ilidentification no reposant quo sur le signe
de la croix rouge dtant jugde illusoiro.

Le texto de 1' article 36 de la Convention Nlo. 1 de 1949 ne prdciso cependant pas
1' dchelon auquel on devra recourir.
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Dans la guerre moderne. atomique oti conventionnelle. 116vacuation des pertes par
voie adrienne est chose essentielle. 11 en est de mfte dans les opdraticns du type
guerilla.

Le fonctionnement du Service de Sant4 W'est plus concevable sans elle. Aussi. i:
est clair que les besoins d' une dvacuation sanitaire dans us conflit armd imporant
et. a fortiori. dans use guerre totale, nie pourront jamais attendre que puisse se

rdaliser tine convention prdalable entre hellig~rants. convention combien problematique.

Il est permis d' ailleurs de se demander queli ! est 1' utilitd pratique d tine Conven-
tion qui pr~voit l'dtablissement d'une autre Conveition. plus limitde certes, main i
itablir dans les conditions difficiles d'un conflit. Vtnur pouvoir sortir ses effcts.

Les exigences de cette nature. A elles seules, font perdre & I article 36, toute
valeur pratique. Ces difficultds. qui tuent' toute possib!IR4 6~'mne organisation 1
rationselle des transports adriens sanitaires. juridiquement prot~gt' '. saint parti-
culibrement graves en ce qui concerne l'emploi des hdlicoptbres i des f~ns sasitaires. I
Dans la zone de 1' avant. c' est pratiquement poor la rel~ve et le transport 4le cas
graves, non soignds cii sommtairement soignds. que l'on songera & appeler llhdlicoptare.
On ne volt pas conment, danei ces conditions d' urgerice. 1' on pourrait prdvoir les

prialable entre les belligrants int~ressds comme le voanl atcade 36(Premibre
Convention).

Cete caus dot dnc treradcalmen supride.C'est elle qu. 'clotie aui sol'
1' aviation sanitaire telle qu' elle est prdvue dans le statut juridique actuel.

Si P*identification devient aisde et claire pour tous les combattants des armdes
de terre. air et mer dans les deux camps, cette clause, mortelle pour 1' emploi de

r V aviation sanitaire et plus particuli~rement pour Ilemploi de 1Phdlicopt~re en mission
sanitaire, en temps de conflit armd, doit Otre abolie, puisqu' eIle est ddpourvue de
signification.

2.4 Dilimitation Pratique de la Protection Juridique
des H41icoptires en Mission Sanitaire au Dessus des

particulier d' appareil parce que le probl~me de la protection juridique de 1' lio.-r
en mission sanitaire se pose avec tine acuitd pressante, dans la zone des combats, pour
des missions de ranmassage stir le terrain et 1:4vacuation vers den formations de triage
et de traitement chirurgical d' urgence. Pour placer le problbme stir des bases rdalistes,
il faut tenir compte de deux A';cteurs:

1. Les hdlicopt~res militaires non arm~s, tast lourds que Idgers, seront employds
aui profit du Service de Santd, blen souvent dans d'autres circonstances qu'& ['extreme-

avant. Il s'agira de 1'dvacuatiort de patients de,- h~pitaux chirurgicaux mobiles et
des h~pitaux d'dvacuation mobiles oti semi-mobiles, situds dans les secteurs division-
uiaires, vein des formations de traitement ddfinitif oti des formations de traitement
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spdcialisi, situdes dans ik zone des armies on vers des terrains d' aviatioai en vue
d' use dvacuation par avion 3 grande distence. Les risques an cours de ces dracuations
sont variables. Ils sont fonction de la, supdriorit.6 adrienne dui wment. Ils seoet
zurtout constituis par 1' iventualiti -d' use attague-surprise. effectuie ptir us avicin
de chasse ennemi isold ou use patrouille adrienne Pvneinie. en mission d' qotruder' k

* basse altitude. Si 1' identification de la mission sanitaire en cours. g~race A use
- I signalisation imense appropricte. est riaiisde. une attajue dirigie ~oontre us bdii-

captire ne peut plus avoir aucuse justification n! excuse puilsque P drffuipage de
1bilicoptare ne peut. dans la zone qu' il snrvole, se livrer & 1' observaticn des lignes

des fouvements de P ennesi: ii~ en est beaucoup trop loin.

i u fone de cmbasret de is zion d P vactio esisqus oes sonttplues rrises e
lau fur e cm et d ue laonue lvat les missions d' cvcainssties son't puesuioines do

rdduisent dans des proportio~ns consid~rables, nais non pas A us yioint tel quo 1' on
puisse ndgliger totalement use protection juridique.

2. 11 en va tout autromont dans la zone de 1 avant ou dani' les rdgions A front
mouvant on encore dans des rdgions tenues par des groupes de partisans ennonis so
ivrant A la guerrilla. LV hdlieopt~re, conaae tout adronef. sera toujours consii&r4

par les combattants come us magnifiquie observatoire, ayant vue vers P avant quand ii
se tronve A proximitd des positions adverses. Me'me s' ii est porteur de la croix-rouge.
les beiligdrasts admettrost difficilement cette possibilitd d'observation et de recueil
do renseignenents que permettrait i' accomplissement de le mission sanitairo. - Au surplus,
A ces mftes circonstances. ddji par ellos memes dangereuses, de relbve et transport au
contact de P ennemi. risque de a' ajouter us nouvel didment, dfl aux dvolutions a basso
altitude de 1' hdlicopt~re. Si celios-ci sont interpr~tdes cosine recherche des'blessds.
1' enneini est en droit de refusor P immunitd Al1'apparoil. En effet. le Connontaire de
Gen~ve de 1949. publid sous la direction de Monsieur J.Pictet, citd plus haut, ddclare:

'Pas plus quI en 1929. on s' a Jugd possible d, immuniser des avions aui proc~deraient
* A ia recherche des blessds et cola pour des ri~sons de sdcurit4 militaire.' (Tome I.

p.320.)

Cosine 1' article 36 dont il s' agit parle d' adronefs sanitaires et non pas d'avions,
ce connentaire s'applique dgr~lement. en bonne logiaue aux hdiicopt~res. On peut se
demander ce qui reste de is protection conf~r~e par Plarticle 3G A tin lidlicopt~re
sanitaire volant i basse altitude, A Port~e des armes des 4!dments ennenis, dans
I' accomplissuent de 6a mission puisque la plupart do sos manoeuvres, et surtout cellos
pr4paratoires A 1.'atterrissage, peuvent faire 1' objet d' use interpr4tation de recherche
do blessds.

L~es conclusions ddcoulant de ces considdrations nous paraissent nettes.

(a) Le surv.ol des territoires ernemis, des zones ou des positions occuples par
l'ennemi sera toujours denid aux h4licopt~res. II est inutile d'envisagor cotte dven-
tualitd dans un statut protecteur international. On court Cas davant d' us dchec certain.
Le troisikmo alinea do 1' article 36 prdvoit d'ailleurs que, sauf accord contraire, le
survol du territoire ennemi ou occupO par P ennemi sera interdit.

Nous croyons qu' il est important d' introduire dams le texte aa futur statut cetto
rdservo do P accord contrairo. En effet, us tel accord pout Jouer dams los circon-
stances particuai~res, (position encercIde par exemple) et pommettre P1 dvacuation des
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blessds en survolant des lignes ennemies. Ce sorait 1' dQuivalent des cartels qui
autrefois. aux 16 et 17 sikcles eurent i leur actif maintes interventions charitables
en faveur de blessds militaires des places fortes assidgdes.

(b) En ce 'qn1 concerne les missions & I 'extrexe avant, A proximitd imdiate des
unitis an contact de 1 ennemi, sur quelle base pent-on fonder les limites de la pro-
tection JuridirqL- aes hdlicopt~res sanitaires? C' est dvidemment icli Qe se trouve n
des points les plus ddlicats du futur status envisagd. Pour tiviter du~ abus, il nWest
pas possible de confdrer la garantie de 1' immnnitd aux hElicopt~res en mission sai-
taire pendant le survol des zones de contact des unitds de combat des belligdrants.

Toutefois, cette notion do zone de contact des unitds de combat exige des pr~cisions.

Le Comentaire do la Convention de Genhve No. 1 (Pictot J. - Tome I p. 320) stipule:
'Les adronefs sont assimil4s, coe los vdhicules s5Lnitaires terrestres, A des forma-
tions mobiles'.

Or. 1". protection des formations sanitaires mobiles est rdg1ie par les articles 19,
21 et 22 de la Premi~re Convention. En transposant aux hdlicopt~res sanitaires, lea
conditions exigies Pour la garantie du respect et de is prote 'tion accordde par ces
articles, il semble que P'on -nuisse tronver nine base raisonnablo d' interpretation et
de solution.

En s' inspirant de P'article 19, on pent exiger que: Iles autorit4s comptentes
veillent i ce que les missions socourables confides aux h~licopt~res sanitaires no se
d4roulent pas, lA oA des attaquos dventuelles on ea cours contre des objectifs mili-
taires penvent mettre ces a~ronefs sanitaires en danger',

En s' inspirant de P'article 21. on pent aussi considdrer que Ia protection due
aux hdlicopt~res en mission sanitaire no pourra cesser que a' ii en est fait usage Pour
coawncttro, en dehors de leurs devoirs humanitaires, des actes nuisiblos & 1 nnemi.

Toutefois, la protection ne cossera QU' apris somat ion fixant, dans los cas opportuns,
un ddlai raisonnable et qui serait demeur~e sans effet'. Parmi los actes nuisibles A
envisager ici, ii faut dvideminent placer en tout premier lieu le ropdrage et l'observa-
tion des positions et dos mouvoments de l'ennemi.

On est bien forcd de constater quo si P'on didsire icarter lea roproches justifids

d' abus, la relive des blossds dans la zone dos combats est condane A demeurer le
plus souvent ce qu'elle a toujours dtd: un acheminemont lent et pdnible du blesste vors
ui. poste do socours par des brancardiors qui se dissimulent an mieux et se mettont,
canine ils le pouvent, A l'abri des fe!-x.

On peut regretter que cetto rel~ve so fasse dans des conditions si laboriousos, si
dangorouses et si lontes alors que P'on dispose du ne machine volante dont les carac-
tdristiques sont iddales pour simplifier ot acdldrer 1'4vacuation des blessds graves.

Mais ces regrets no changent noen au fait quo 1' hdlicopt~re, lorsqu' ii est nine cible
A vue directe pour l'ennemi, est aussi, A ce moment, le plus souvekt, un obsorvat:oiro
potentiol des positions et des nouvements do cot ennemi. Si l'on pout d~plorer 1'im-
possibilitd do faire tomber toutos los restrictions qui ontravont la protection Juni-
dique de 1' 'ambulance', ii faut reconnattre quo la pr~sence d' une voiture d ambulance
se ddplaqant sun une crOto en vue do l'ennomi ou y stationnant, avec vue plongeante
sun les positions de cot ennemi serait, ello aussi, dificiloment toldrdo par ce dernier
en application do P'article 35.
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Ces considirations n' ant envisagd, en ordre principal, que les aspects de 1' empioi
sanitaire des hdlicopt~res en fonction des impdratifs militaires et de ceux de la
tactique sanitaire. Certes, les propositions dmises n' aboutiront dans la Pratique
Qu'1' Ioctroi d' une protection encore imparfaite des missions sanitaires confides A
l'hdlicopt~re, puisque celles de l'extreme-avant, au contact m~me-de la ligne de feu,
seront souvent exclues de cette protection, en raison de la situation tactique. Mais
ces limites auront 1'avantage d' etre prdcisdes Par des textes. La situation sera donc
claire. Les missions juridiquement protdg~es reprdsenteraient d' ailleurs la plupart
des missions que P'on demandera en temps de guerre ou de conflit airmd aux hdlicopt~res
mis A la disposition du Service de Santd. Celles qui s' excluraient d' elles-mftes du
b~ndfice de la protection juridique sont certes les plus spectaculaires. celles qui
relhvent le plus souvent de la prouesse. 11 faut n~anmoins admettre qu' elles sont
assez rdduites en sombre.

Pour certains cas tr~s exposds de 1' extrtrne-avant, ii appartiendrait aux Stats-
Majors et A leurs conseillers nt~dicaux. A ddfaut d'une protection juridi-que, W'en
faire assurer la protection par los mayens armds, adriens ou autres. ozi de prendre le
risqui) calculd inhdrent A toute opdration de guerre.

(c) 11 se pout qu' use hdlicoptrl sasitaire, en mission dans use zone de contact
des usit~s de combat des belligerants, survole un territoiro ennemi ou occupd par
1ennemi, A la suite d' use m~prise sur sa positicu rdelle ou sur celle de I'ennemi.
Dass ce cas, ii nWest pas Pos~sible de contester A ce dernier la ldgitimitd d' un controle.

Le statut de protection doit ridanmoins prdvoir le respect de 1'appareiL. tout en
lui imposant d' obeir A toute sommation d' atterrir. ou d' amerrir. Ii y aura dgalement
lieu de prdvoir. en cas d' atterrissage imposd ou fortuit, le sort des malades et des
blessds. ainsi que celui de 1' 4quipage, du personnel sanitaire et de 1'appareil selon
la catdgorie dont rel~ve ce dornier.

Des dispositions similaires doivent aussi Otre pr~vues pour le cas do survol du
territoiro des Puissances neutres, accompagnd ou non d' escale, d' atterrissage fortuit
ou par sommation..

Tollos sont, selon nous, lea bases essentielles permettast de reconsiddrer la place
de l'hdlicopt~re sanitaire dans Le cadre du statut Juridigue protecteur revisd et
inodernisd de l'adronef sanitaire.

En re'sumc', lea propositions contenues dans cos conclusions tendont A apporter des
modifications en profondeur dass le concept et los textes du status actuel puisqu'elles
touchent aux quatro doiraines fondanentaux suvlwnts:

(i) la d~finition pr~cise des appareils protdgds qui sont:

(1) des h~licopt~res sasitaires au sons strict, c' est-A-dire ceux
affect~s en exclusivitd et en permanence au service sanitaire et

(2) des hdlicopt~res occasionnellement et tomporairement en
mission sanitaire.

(ii) la signalisation de ces deux catdgories d'hdlicopt~res protdgds: outre le
signe distinctif des Conventions de Gen~ve. uls devraient disposer d'un
syst~no visuel direct de signalisation luminouso en tous temps et A toute
distance, qui permotte do respecter lour innunitd.



(Wi) la supprossiaon de toUt accord prdalable entre belligirants concernant I £
le plan de vol des hdlicoptbres sanitaires.

(iv) les modalit~s de leur erzploi en mission sanitaire et surtout leurs zones
di' pdrations. Sauf accord sphcialement conclu. lea hdlicoptbres sani-
taires oti en mission sanitaire ne pourront survoiler le territoire eahmii,
le territoire occupi par 1'ennemi et les zones de contact des unitds de
combat des belligerants. En cas de survol d'un& zone interdite, l'hdli-
copt~re ne sera pas I' objet d' tne attaque, mais pourra Otre som
d' atterrir.

En cas d'atterrissage fortuit oti imposd sur les territoires prdcitds ou
en pays neutre, les hdlicopt~res sanitaires aui sens strict ne pourrait
etre saisis qu' A la condition d'etre utilisds par le capteur A des fins
exclusivetient sanitaires. Les appareils des Institutions Internationales
devront etre remis i la disposition de t.elles-ci avec: leur dquipage.

3. PROJET DE NOUVEAU STATUT JURIDIqUE DE
L'AVIATION SANITAIRE

Constater des lacunes eat tine chose. Fa~ire des propositions constructives et cohdr-I
entes pour les combler eat tine autre chose. C' est souvent la plus difficile. V'est
le cas certainement pour P immunisation des transports adriens sanitaires en gdral

et celle des dvacuations sanitaires par hdlicopt~re en particulier.

Mal posd en 1929, le probl~me ne petit rocevoir do vraie solution stir la base des
textes de 1929 et de 194-0

Dana certains milieux militaires, 1' importance de cette question est parfois conteotge.j

Il est vrai Que, dans les conflits des 30 dernibres anndes, pour autant que lea missions
sanitaires adriennes effectudes dans le cadre du transport militaire respectaient cer-
tamnes principes opdrationnels, elles n'ont pas fait courir tin raiqze ddraisonnable atix
blessds. Mais ces r~gles sont loin de pouvoir toujours ttre suivies. C' est surtout
le cas quand on envisage les conditions ota P'on ddsire employer les hdlicopt~res ldgers
et lea hdlicopt~res lourds dana lea zones de combat, avancdes et arri~res et dana les
opdrations de contre-guerrilla.

Aussi la situation a-t-elle 4mu des autoritds des Services de Santd ntlitaires, lea
Soci~tds de Droit International mddical, et, derni~rement, le Comitd International de
la Croix-Rouge.

Ce dernior, apr~s la partition en 1965 de l'4tude ment ionnde plus haut ota J'avais
d&Ji ddveloppd lea arguments exposds ci-dessus, a demandd A la Commission mdco-
JuridiQue de Monaco de l1examiner et de prdparer tin projet de dispositionsa yant pour
but de r~gler, sous la forme d'tine revision des Conventions do Gen~ve oti d'un accord
spdcial qui sera-it annexd A leur texte actuel, un status d'imntinitd do 1'aviation
sanitaire en temps de conf lit.

Le texto dlabord par la Commission mddico-juridique do Monaco s'adresse aux condi-
tions d'omploi, non seulement des hdlicopt~res sanitaires et des hdllcopt~res en mission
sanitaire, mais encore aux conditions d' emploi des adronefs sanitaires en g4ndral.
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11 rdpond aux iddes qui font 1' objet de cet exposd. 11 2igure in extenso en annexe.
Il est l'oeuvre de mdecias et de juristes spdcialisgs ex droit international. 11
constitute tine rdadaptation du status aux caractdristiqauis techniques et opdrationnelles
de la guerre adrienne moderne.

Sill vient A ttre accept4, faut-il conclure qje toutes les difficultds seront aplanies
pour antant,

Poutr um e rue potecio alt des chances d' tre appliqude en temps d' guerre,

deux choses sont inditpensables.

(a) D'abord, la confiance des parties contractantes A 1' dgard d' un statut inter-
national protdgeant dans le cadre des liinites fixdes toutes formnes de missions sanitaires
adriennes. La confiance se donne ou se refuse. En temps de -guerre. elle est toujours
fragile. C' est tine raison de plvs pour essayer de la bftir avant tout stir tine onception
nette des rdalitds techniques et, militaires de la guerre modcerne. '"a bonne volontd
est ndcessaire. mais elle ne suffit pas. Ndliger ces rdalitds serait bfttir sur le
sable, canine on le fit en 1929 et en 1949.

(b) En deuxiime lieu, chez les deux bellige'rants en prisence, le souci clu droit de
la guerre et des conventions humanitaires internationales. or, la rddaction des Con-'I ventions huinanitaires et des statuts particuliers qti'elles contiennent est dominde par
tine conception europdenne conventionnelle de la guerre, qui remonte pour le moins aui
18e si~cle. A c6t4 d'elle, tin nouvel art de la guerre se ddveloppe sous nos yeux: wiseii en application dens des pays du Tiers - LJonde, la nouvelle conception de la guerre re-
volutionnaire poursuit ses obJerzt-ifs en ne recourant quA- lo gueirlla et en supprimant
la distinction nette qtii a toujours existd entre les civils et les militaires, les

non-combattants et les combattants. Dans tine telle conception de la guerre, le belli-
gerw~t qui en suit les principes se prdoccupera-t-il d'observer A 1'dgard de l'autre
tine convention qu' il n' a pas signde puisqu' ii W'en avait pas la facuit4, et dont il
pourra toujours dire, par consdqtient. qu' elle ne l1engage pas?

Ainsi donc, alors que tout permettait de croire (ue les lacunes A combler dens
1'dtablisscment d'un statut moderne de l'hdlicopt~re sanitaire ne relevaien. que de
certains aspects purement techniques de la guerre adrienne et des conceptions d'emploi
des adronefs. on se trouve raxnend, devant les textos juridiques des conventions, A ce
probl~me vieux comme la guerre: la bonne foi des parties dans le respect des traitds
et des principes Qui font honneur A 1'hurnanitd, mame au scmn de la guerre et dens
latnosph~re des combats.

Sous cc rapport, nous no pouvons rion faire. nous les mddocins et los tochniciens.

Malgrd los limites de notre tftchc, nous croyons ndnotns quo le toxte qul vient
d'Ctre soumis aui Contitd International de la Croix-Rouge par in Commission rnddico-
juridique de Monaco et qul tient largenent compte, danE sa concision, des iddes et
des rdalitds qui oat dtd ddveloppdes ci-dessus, contribucra en fin do compte A donner,
un jour, tine solution meilleuro parce quo plus rdalisto, au statut itecrnational
junidiquc do 1'hdlicopt~re sanitaire dans lo cadre des Conventions de Gon~ve.
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ANNEXE 1*

Spicification des iVoyeas Complesentaires d' Identification
des Ae'ronefs en Mission Sanitaire

1. SIGNAUX LUPINEUX

Ccaleur: rouge

Nature: feux intermittents sous forme de flashes

Frdquence du clignotement: 60 dclats par minute

duree d'un dclat 0,5 seconde

pause d'un dclat: 0,5 secondeI Puissance: 500 watts au minimum
Emplacement: (a) avion:, l 'avant du fuselage un peu en dessous du

I nez de l'appareil
f(b) helicopteire: A 1'avant. du fuselage, face infdrieure,

Pour les deux types d'adronel's. le faisceau lumineux est dirige
en bas dans le sens normal. de translation de 1appareil et forme
avec 1axe longitudinal de 1' adronef un angle de 75 degrds et
avec l1angle de lacet un angle de 150.

2. RADAR SECONDAIRE (SIF)

Mode: 3A

Code: rdserver un code Itddfinir, par accord international, dans le mode 3A.

3. RADIO

Reserver une frdquence UHF, a ddfinir par accord international, sur laquelle les
adronefs en mission sanitaire 4zettent Pour signifier la presence exclusive de blessds

Cf. article 4, Section 2. du 'Projet de Re'gles relatives aux transports sanitaires par voieI adrienne en temps de conflit arme' . (C.M.J.M. resol~ation 1. 4 Juin 1966).
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ANNEXE 2

Comission JI9dico-Juridique de Mlonaco

Vase Session

t 1. PROJET DE REGLES RELATIVES AUX TRA!NSPORTS SANITAIRES
PAR VOlE AERIENNE EN TENPS DE CONFLIT ARNE

SMIDEPAW qae le principe dui respect en toutes circo,-stsn-ces des blessds. aades
et naufragds des Forces arn4es est un principe fondazental des Conventioexs humanitaires
de Genae et qe i1 importe d, en assurer 11 application avec le maxinu de noyens et
do efficaciti:

MSIDERANIr que cette pr6Dccupatio-% majenre devrait inciter les Ganverneaents A
co~Lv~der les dispositions des Covitions doi 12 at !949. soit A l oCcasion d' uz-
z A'ision de celles-ci. wilt, sans, attendre cette revision. par le coyea d in accord
compld(zentaire i concInre sons It forte d'un Protocole annex4;

Q-e11 action ainsi reconnandde anrait pour but en temps de corfl t zn4:

1. de ddrelopper par 1' utilisation d' in plus grmnd nombre d' appareils. le
transport a~rien des blessds et alades et dui personnel et dii uatdriel sanitaires;

2. de gamantir an =axi= la, s&aritd des traasports utilisds A cette fin par
tine r~glementation technique et juridique appzopride;

cNIDE.ANT que les progras te =%niques ccr.--wlis dans le donaine des transmissions

et des tdUcoourjications intiressart la navigation et la, defense adriennes permettent
d' affecter aux adronefs utilizes A des fins sanitaires des un3-ens d' identification et

de signalisation susceptibles de rentorcer 'Al effet de sanvegarde des signesi tradit.onnels

de protection;

PSIRJADEE, d' autre part. de la, ndcessitd de libdrer 1*esploi des aironefs en mission
sanitaire de 1' obligation actuellenent prdiie dans les Conventions d' 4tablir au prd&
alable un plan de vol zgrdd par les belligirants int~esasi en raison des difficult~s

I ~inbdrentes aux circonstances 0n-es des hostilitds:

La Comm~ssion m=ico-juridique de Monaco souhaite que scient entreprises les d&
marches n~cessaires pour obtenir la mise en oeuvre des r~gles suivantes..

Article ler

Les adronefs militaires des Parties au conflit. utilisds temporairement iiais en
exclusivitd. pour 1 evacuation des blessds et des malades et le transport du personnel
et du matdriel sanitaires, ne seront pas P objet d attaques mais seront respectds et
prot~gds pendant toute !a durde de lear mission.

Tous noyens suggire's par P'article 36. aline'a 2 de la Convention I de 1949.



83

Article 2

Seront respectds et protigis en toutes circonstances les adronefs qui seront
exclusivement affect~s. d~s le temps de paix ou aux cours des bosti] itds. aux services

Indipeadament des adronefs d' Etpt spicialeuent anagds i cet effet. les adronefs
civiis de toutes catdgories pourront #tre transforugs. au debut ou au cours des
hostilit4s, en adronefs sanitaires. A ia condition de ne pas Ostre ddsaffectds pendant
toute is durde du conflit.

Les Puissances neutres, les Sociitds Nationales tie la Croix-Rouge, les Socidtis de
Secours officielement reconnues. pourront mettre des adronefs sanitaires A la dis-

position d' une on des Parties au coaflit.

j Article 3

Les adronefs des Organisations intergouvernenmntales. des Instituts spdcialisdes
des Nations Mlies. du Conaitd International de la, Croix-Rouge qui seraient aiffect~s
aux fins prdcitdes, seront Lgalezent respect4s et protdg4s en tgutes circonstances.

Article 4

Les adronefs visds aux articles prdcddents porteront ostensiblenent. le signe dis-

tinctif de la croix rouge stir fond blanc (croissant, lion et soleil).

Ils seront dotds. en outre. en fonction des circonstances de leur emploi. d'un
systb-ne permanent de signalisation optique lumineuse oti didentific~ltian lnstenuande
dlectrique et radio-dlectriqueo, oti dventuellement des deux.

ii. Article 5
Est interdit aux adronefs visds par les prisentes dispositions le survol du terni-

toire ennemi, d'un territoire occupd par des forces ennenies terrestres oti navales et
des zones de contact des unitds de conbat des belligdrnnts.

Toutefois des ddrogations pourront Otre admises en application d'un accord spdciale-
ment concin par les Parties au conflit, entre elles on avec un organisne international.

Article 6

Les a~rontefs visfds par les prdsentes dispositions, survolant ain territoire enneni
ou occupd par 1ennemi. seront rc-spectds mais devront obdir A toute soiniation d' atterrir
ou d' amerrir.

En cas d' atterrissage. fortuit cu imposd. sur les territoires prdcitds et A Moins
dun arrangenent =otraire entre les Parties aui Conflit, les bless~s et nalades trans-
portds pourront Otre faits pnisonniers de guerre. Le personnel sanitaire. ainsi que
l'dquipage, seront traitds conforminent aux r~gles de la prisente 'Conventioni.

Voir annexe.
tCf. Convention I. Article 24 et suivaits.
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Les adronefs visds A !'article 2 ne pourront tre salsis quAb la condition d19tre
utilisds par le capteur i des fins sanitaires.

Les adronefs visds A P article 3, ainsi que tout le personnel bord. seront autorisds
A poursuivre, apr~s vdrification, leur mission.

Article 7

Les adronefs visds par les prdsentes dispositions pourront survoler, en cas de
n~cessitd, le territoire des Puissances neutres et y faire escale. Ils devront signaler

A la Puissance neutre leur passage et obdir A :.oute sommation.

Toutefois, la Puissance neutre pourra fixer les conditions ou restrictions tant au

survol de son territoire qu'A l'atterrissage sur celui-ci. Ces conditions ou restric-
tions seront appliqudes d'une mani~re 6gale A toutes les Parties au conflit.

Article 8

Au cas d'atterrissage en pays neutre, par ndcessitd ou sur sommation, l'adronef
pourra repartir avee ses occupants, apr s contr~le dventuel exercd par la Puissance
neutre. II ne pourra etre retenu que dans les cas oA ce contrdle aura permis de con-
stater des actes incompatibles avec i mission humanitaire de l'apparell.

Les blessds ou malades d4barque's avec le consentement de l'autoritd locale devront,
A. moins d'un arrangement contraire de ' Etat neutre avec les Parties au conflit, etre
gardds par l'Etat neutre lorsque le droit international le requiert, de mani~re qu'ils

ne puissert pas de nouveau prendre part aux opdrations de guerre. Les frais d'hospita-
lisation et d'internement seront supportds par la Puissance dont ddpendent les blessds
et les malade.3.

Si i'appareil aypnt atterri en territoire neutre n'est pas en conditions de repartir,

son dquipage et le personnel sanitaires seront re ituds.

Pour les appareils, dquipage et personnel sanitaires appartenant a un pays neutre,
seront appliqudes les r6gles gdndrales de la Convention concernant les droits et devoirs

de Puissances et des personnes neutres en temps de guerre.

N.B. Les articles 39 et 40 de la II6me Convention devront @tre rempiacds par des
dispositions analogues.

L'article 22 de la IVbme Convention devrait Otre modifid le mgme sens.

DISCUSSION

Brig.Gcn.Lauschner asked whether the Geneva Convention would extend to the protection
of search and rescue helicopters operating over water. Maj.Gen.Evrard replied that he

felt that this would be very hard to achieve since it would be very hard to differentiate

between such operations and anti-submrxine operations. In reply to an enquiry about the

value of the Monaco Conference, Maj.Gen.Evrard stated that the most difficult problems,
particularly those of definition of zones and identification had been solved at that
meeting.

'1
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RESUNE

Examen des problkmes posds par 1'utilisation des bdlicoptires
affectds au r~le, d' ambulance adrienne. Ces probl~mes sont particuliers

achaque cuss plut~t QuW P 'hdlicopt~re eaiployd en tant que vdbicule
d' 4vacuatiLon. Parmi ceux-c'i, citons: le manque de communications
standardisdes air-sol en situation tactique. d' oa. difficultd
d' identification des forces allides et ddlais d' 4vacuation;
1'entrafnement insuffisant aux conditions de vol sur hdlicopt~re
(choix du lieu d' atterrisuage, possibilitds de 1appareil);
1' inaptitude & discerner les dangers tactiques adriens par rapport
aux situations Lerrestres.
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HELICOPTER AIR AMBULANCE PROBLEM AREAS

Major F.J.Mills, MSC

1. INTLODUCTION

It is universally recognized that the helicopter as a patient evacuation vehicle.

a means to transnort vital medical teams, and a medical re-supply vehicli is an

intrinsic part of modern military medicine. The flight characteristics of the
helicopter provide a versatility that is unsurpassed at this date. However, there
are problem areas involved in the employment of helicopters designated as air

ambulances. The problems are peculiar to individual situations rather than to the

helicopter as an evacuation vehicle.

Some of those areas, which I hasten to add are not insurmountable are: air-to-ground

communications in a tactical situation, the employer's (evacuation requestor) lack of
helicopter education and the employment of designated helicopter air ambulances as

tactical vehicles rather than as ambulances. The reasons that these are problems that

particularly affect the air ambulance uits is that the majority of the evacuation
flights are single aircraft missions and not multi-aircraft assault type missions.

The mentioned problem areas are prominent and will be discussed in more detail at

this time.

2. AIR-TO-GROUND COMMUNICATIONS IN A TACTICAL SITUATION

(a) Language barriers are a problem when participating in joint operations with

allied nations. Although tactical maneuvere are jointly planned thoroughly,
experience has proved that the classification of patients', i.e., urgent,
priority. and routine, is not thoroughly understood by all participating

units, thus causing improper utilization of air ambulances.

(b) The lack of standardized communication equipment for ground vand air units.

(I) Separate patrols that might request an air ambulance, in many instances,
will be equipped with radios incompatible with the aircraft comunicetions
system thus creating the problem of positive air-to-ground identification

of friendly troops.

(ii) This problem also causes the reaction time for the patient extraction to

be extended since the requestor usually does not have direct communication
with the air ambulance unit. This pertains to the small isolated units

rather than to units of company size or larger.

ti
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3. LACK OF HELICOPTER EDUCATION

The extensive utilizztion of helicopters, in its infancy, has prnved that there is

a marked lack of knowledge on the part of ground troops concerning the capabilitics of

the helicopter. Specific areas are as follows:

(a) Selection of landing areas.

(i) The degree of slope.

(1i) The height of barriers.

(iii) The overall length of individual helicopter types and their rotor diameters.

(iv) The lift cupability of specific -types of helicopter.

(b) General knowledge of the aerodynamics of the helicopter.

(c) Failure to recognize tactical aerial hazards as compared to the ground situation.

(i) Approach routes over unfriendly territory.

(ii) The security of the landing zone.

(iii) Aerial identification of landing zones.

4. EMPLOYMENT OF HELICOPTERS DESIGNATED AS AIR AMBULANCES

Helicopter air ambulances, because of their mission, should be utilized exclusively
in the role of patient evacuation, the transportation of vital medical teams and medical

re-supply. The tactical situations that necessitate immediate employment of aircraft

probably will require immediate patient evacuation also. If the designated helicopter
ambulances are deployed as tactical vehicles, then, needless to say, the air ambulance's

primary mission of patient extraction is neglected and lives are lost.

5. CONCLUSIONS

The problems of helicopter ambulance units are wide and varied, as in any aviation

unit. Howc-.er, air-to-ground communications, luck of helicopter education, and improper

utilization of evacuation aircraft are important problems that are encountered. These

problems are not insurmountable and are in the process of being eliminated during the

normal day-to-day operations. The concept of helicopter evacliation is established and

its goal is t3 provide a better medical service to the patient. Thus, by eliminating

the mentioned problems, future helicopter ambulance units will be more effective.

Also, the ultimate goal of the Army Medical Service and Amy Aviation will be combined

to "Conserve the Fighting Strength Above the Best".
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DISCUSSION

Lt Cdr Willims enquired about the mode of communication between the troops in the
field and the helicopter ambulance. Was this direct or through a base controller?
In his experience commanders always wanted, rightly, to retain control of air move-
ments. Major Mills replied that in his type of unit control was exercised by the
medical group commander who in fact was the surgeon in control of the whole operation.

Lt Cdr Williams asked whether it was felt that the display of the red cross was
sufficient identification for protection of specifically detailed helicopter ambulances.
Brig.Gen.Lauschner replied that this seemed unlikely. He wished to emphasize that it

was only possible to use the helicopter as an air ambulance in an extensive manner if
the operating country had complete air superiority.

4
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RESUME

Etude des op6rations d' 4vacuation de blessds au Vietnam par des
4 unites ambulaxici~res d' hdlicopt~res appartenant RU Service Mical de

1, Armie de Terre. Description des hdlicopt~res, de l'd quipage et du
mat~riel actuellement utilisde en Asie du Sud-Est en renfort des

4 forces ati-insurrectionnelles. Comparaison des avantages et des
inconv~nients de la compagnie d' ambulances adriennes et du d6tache-
ment d' ambulances adriennes. Etude du soutien g~n6ra1 par rapport au
soutien direct, avec description d'une demande typiQue d' vacuation,
et de 1' ex6cution de l opdration par 1'6qcuipage d' une ambulance
adrienne. Les statistiques d' 4vacuation, P'accroissement des missions

de soutien direct et des op~rations de hissage, et la frdquence des
"escortes de canonni~res" laissent presseaitir une augmentation futureI
des activitds pour les unites d'6vscuation par h6licopt~res au Vietnam.
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HELICOPTER EVACUATION IN VIETNAM

Lt Col E.Lail, MSC

Today in the Republic of Vietnam, history is being rewritten again by one of the

finest military medical teams in the world, that of the United States Army Medicai
Service (AMeDS). A member of that team is the Army Medical Sorvice air ambulance
helicopter and its crew. It was in Korea that AME7S helicopter evacuation became a
reality, not as the result of any preconceived plan but rath,.or the result of expediency.
In the early days of the conflict, helicopters were called upon to evacuate seriously
wounded casualties from the extremely difficult terrain. Hence the beginning of a more

rapid and efficient means of patient evacuation. Prom a very meager beginning with
the OH-13, we have progressed to the helicopter authorized today - the UH-1D.

The UH-1D helicopter, manufactured by the. Bell Helicopter Company, is a military
type aircraft of compact design, featuring a low silhouette and low vulnerability to
meet combat requirements (Fig. 1)." A wide cargo-passenger-patienr compartment, with
large cubic foot volume, permits the helicopter to be used ia a variety of services;

for the transport of personnel, special teams, supplies and equipment, and for

aeromedical evacuation of casualties. This helicopter is capable of operating from

unprepared take-off and landing areas and under instrument conditions by day or night.
It c also be used to navigate by dead reckoning or by use of radio aids to navigation.
Maimum visibility is afforded the pilot and crew by use of transparent plastic panels

at the top, front, bottom and sides of the cabin.

The helicopter is equipped with the 753-L-11 turbine engine located aft of the
cabin and mounted on a platform deck to provide maximum accessibility for servicing
and maintenance. This engine is a free turbine type deoigned for low fuel consumption,

minimum size and weight, and maximum performance.

Provisions for the installation of folding litter racks adapt the UH-ID helicopter

to carry six litter patients. Three standard Army Service litters are located on
each side of the transmission support structure. An alternate litter loading is to
position three litters laterally in front of the transmission. In this configuration,
four ambulatory patients can also be carried.

When six litters are installed, the center forward facing troop seat is used for the

medical attendant. When lateral litter loading is used, a single seat attached to the
floor behind the pilot or copilot and facing aft is used for the medical attendant.

Two blood-bottle hangers have been provided on the inside of the cabin roof structure
within easy reach of the medtcaL attendant for administration of blood to litter

patients in flight. There are six electrical receptacles provided to furnish 28 volt
direct current for heated blankets. Although not a part of the aircraft equipment, a
resuscitator is available for those patients requiring this specialized piece of
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equipmte-t. In addition. the air urbalaace aidzam has &afal ible to bin a telescopic
spit set and an Indivillual surgical Jnstruueat and supply set for earoate cae of1

r the patient.

The crew of 2n air amholance ccosists of am air-craft coruander. pilot. cras chief
and aidann. The aircraft caunder is respens~ble for all aspects of tbeeac.io
and auct be thoroughly competent in both the medical rad aidatico aspects of the
opersticns. He aust be completely oriented tc tbe geerl and specific mnedical nissico
and bare a thorough knowledge of the detail plan of erzczxa:ioo.. Be nust also be
familiar with the capabilities and the- limitations of the waried patient treatmt
facilities utilized tu the -Arzy Medical Service. Pilot persocnel attead a special four
weeks course of instruction entitled 'Essent-'al Medical 1traimnng fot A3EDS Aviamosr.
Thi's course prepares the aviator for the zedical tasks aIdecisiczus he will eno~te7
on a medical evacuation mission. This crew is extremely liell traft-e. having received
formal instruction in shock and hemorrhage. maintenance of airay. injuries of the head.
cbest and Rbdomen. burns. and evergency treatment procedures.

The Ary Xrdical Service is currently authorized air abulance Comranies an-d
Detachments.

The Ccarpaay is operationally self-sufficient and is capable of providing aeramedical
evacuation of patients from as far forward as the tactical situation will permit.

expeditious delivery of critically needed medical s.upplies aad transportation of key
medical Personnel throurshout the coebat zone. The ccmaany consists of four air anmbelxzce
platoons. each equipped with six 31-lD helicopters. Fact' Plantoo. wb=n augmented IV
maintenance and airfield service personnel. can operate in a separate location. However,
the dispersed platoons remain dependent upon the conpany headquarters for aftinistrative

TheDetchantis not operationally self-sufficient, in that it does not have a foo*d

service section and mast depend on an adjacent unit for this support. This unit has
the some capability as one platoon of the Company. H~owever. it has the distinct

advantage of being able to take care of its own adinistration.

Air ambulances in Vietnam provide both direct (unit.) and general (area) support to
combat forces in that war-torn country. The direct supportL air sabulance goes with theT
deployed battalion or brigade and is responsive only to requests from that unit. This

* decentralized control permits quick reaction time but does not maximize the use of air
ambulance helicopters. Air ambulances contrclled at a higher level are responsive

* to more units and better utilization is therefore attained.

Requests for an aeromedica~l evacuation must include certain information for it to
be processed expeditiously. This information will include:

Coordinates of the pick up site.

Nuube-r of patients and their condition.

Category (URGENIT. PRIORITY. ROUTINE).

Tactical radio frequency.

Other, such as tactical situation, special equipment repuired.
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The category classificationj is pirticalarly iportan-t. An Urg-ent 4iassificatioa

means tbit tbe wom73ed individual must be evaccated imzediately In order to save life
or liab. This requoest will receive the quickest respwose possible frc= the evaccation
=~t. 71he helicopter will usually be off the gra mid within three ainutes after the air

ambulance cnit has been notified of the evacut-gon request. The Prior it' request Is
less mrgent a-d -!st be evacuated within 24 hours. 1lhe Rootine evacuatfon request mill
be respooded to vkltAIt '72 boars.

This aystem of classifing patients permits the headiquarters controlling air ablance
eraccation to emloy its resocr-:s more effectlyely andu to take certafta that air

aui- c tare &oosm injurbe to eaccghaye accden p itetdSates. rig a o injured

Thoos isyu to ee helicopter s ad thet am folir tried duing theKoeanw

quike thrai ate anoog wInurded in iewa acidet the ot ecdSaehsto Nof njred
colict.I V~tm alisg orassic 3 mlt savfo:aweleupe edicall fotie n tiiignwoalty-
This isaktiue techniqes- thefllcotins thae ee achiered tied fataigte raean wall
wand reaczsIng hspita fabcr ies VienmVeu s24 scuae ihte2~i

Kore mortali rrtd amon 11. and In ina isrl t loeti eodd.itro

ThennictEdy aStaies Armno hasr soed icotres gL-A aedical nrefwlg cpbt
i~m J 5.00 sotis tohqe whe evacuating just be 8,00 ieted thSftaty thi aong and

Tietnited wStne Aerm nohas suromendar heaiotrs 196ithmedecal cersyin eacate

more than 64,000 casualties while flying soce 33.000 coazt hours. Approximately 2Vc
of these were Vietzrnese patients and approxirately 50c were from other countries. These
impressive statistics were made with an aircraft availability of around 75%, There have
been Problems however. The previous speaker MUajor Hills) has alluded to the cajor ones.

Because of the unpreceden ted uze of the helicopter in this conflict, there is an ever
greater need for the combat troops to he aware that the helicopter does indeed have
certain limitations. For czaup!e, it can carry just so many patients during any one
lift. and this will be determined by the surrounding terrain and climatic conditions.

In the heat of co~ibat and because of the urgency to remove the wounded from the battle-

field this is sometimes overlooked. This same sense of urgency (and it is not iMagined
urgency) often leads the re!queztor to call an air ambulance before the wounded are
collected. or into an are~a too snall for the helicopter, or before that area is snecure.

One new item of equipment in the air ambulance units is being used to extract wounded
from areas inaccessible tru the helicopter. Provisions have been made for the installa-
tion of an internal personnel rescue hoist (Fig. 2). This installaticn way be- nade in

w_- -,ne of four positions in the helicopter cabin. The hoist installation consists of
a vertcLI lkia.i extending from the floor structure to the cabin roof. a boom, and an
electrically operated winch. Two electrical controls for the operation of the rescue

F. - hoist are provided, one for the pilot, and one for the hoist operator. The pilot' s
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control switch is located on the cyclic control stick and provides up and down operation

of the hoist as well as positioning the boom. The pilot can override the hoist

operator' s control. An electrically operated ballisttc charge type cable cutter !3

pz.or'=ded with two guarded type switches.

The hoist has a usable cable length of 256 feet which is capable of raising or

lowering a nsximt load of 600 pounds. Tie hoist opeaiator has a variable speed control

for raising or lowering the cuble. The maximum upward speed is 115 feet per minute

when fully loaded.

A nother iten, the forest penetrator. has been made available. This anchor-looking

device has three snal! retal seats which fold down for the less injured to sit on and

be hoisted up through the jungle canopy. For the core serious litter patients, a litter

hoisting device is available. This gives i certain amount of protection to the patient

whle he is being hoisted up to the hovering aircraft.

The hoist is being used frequently in t'ietnan to remove the womided which would

uther-ise take hours to remove. In January 1967 alone. 75 patients were lifted frm

the floor of the jungle tLT this item of equipment. This rescue device will undoubtedly

be used nore and core in the months ahead. Its increased use will require a greater

reliance on ermed helicopters to protect the rescue helicopter during its critical time

of vulnerability while making the actual rescue.

In Vietnam. the helicopter has become a vital, almost indispensable elevent of front

line medical service and patient evacuation. The extremely rugged terrain and lack of

a secure road network has made air evacuation an absolute necessity. The Army Medical

Service helicopter evacuation system has met ths challenge blr developing a very high

degree of =bility, flexibility and responsiveness in Its units.

In the future, -Army Medical Service helicopters and their crews will continue to

play a vital role in evacuating the wounded from the battlefield. The speed of this

means and its insensitivity to terrain sake it an essential tool in accomplishing the

mission "ro Conserve The Fighting Strength".

DISCUSSION

Lt Col Lail wished to add to his own paper sose up to date information. The large

majority of evacuations in Vietnam were to take from any one site three or less litter

cases and four or fewer ambulant patients.

Wg Cdr Fryer asked for more detail in the definition of duties of the four crew

members listed by Lt Col Lail. in reply Lt Col Lail stated that the aircraft

comander was a pilot with speiLfic training and experience in the role. He was aided

b:- a second pilot, a crew chief who in fact maintained the aircraft and flew in all

missions in order to provide field servicing skills, and finally an attendant who was

a highly trained medical first-aider.
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RESUME

Le r8le du mddecin nilitaire de troupe dans le triage. et la dispersion
des accidentds est dicrit dans les conditions operationeiles. 7rois degr6s
de prioritis pour'evacuation sont proposds et les avantages. et desai'antages
de trpnsport par iid1icopt~re ou par route s'ont discut~s.

Les principes de chirurgie militaire et la fagon dont ces principes
s' Appliquent i une 6quipe chirurgicale de campagne, sont d4crit en bref.
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ACUTE CASUALTY HANDLING

Major I.Capperauld, RAMC

1. INTRODUCTION

The complex series of pathological changes triggered off by wounding are in a
constant state of flux - altering minute by minute and hour by hour. time is therefore
a vital factor in the control of this dynamic state. Marked haemorrhage leads to
shock, while handling =-d mishandling thereafter accentuates this shock and may indeed
convert it to an irTeversible state. How can valuable time be saved and yet the
casualty receive surgical treatment in accordance with fundamental principles? The
answer to this depends on the skill and experience of the Regimental Medical Officer
who first sees the casualty and the surgeon from the Field Surgical Team who performs
the first of a definitive series of operations, backed up by a well organised and
smoothly functioning system of evacuatien. The main aim of medical units in the field
is to relieve the fighting force of the encumbrance of the wounded by clearing them

from the battle area. This means however that the state of flux occasioned by wounding
is further complicated by the superimposition of the extra handling and movement
required by evacuation from the Front Line to the Casualty Clearing Station and nence
to the surgeon.

2. THE ROLE OF THE REGIMENTAL MEDICAL OFFICER

Let us consider the part played by the Regimental Medical Officer and the problems
he has to face in Casualty handling.

(I) Casualty Sorting

This aspect requires a great deal of experience, clinical acumen and skill. He has
to decide quickly on the extent of the injuries and classify them as serious or non-
serious. He must decide on priorities for treatment on an eatablished triage principle.

(ii) Casualty Load

If the numbers of wounded are very great, then his job is to keep clearing his
Regimental Aid Post rapidly. His equipment is limited and his time valuable. He is
taxod with the responsibility of stopping bleeding, ensuring an adequate airway,

spl.nting fractures, dressing wounds and relieving pain. He must decide on priorities

for evacuation.



102 a

(iii) Casualty Dispersal

He must have a sound knowledge of the routes of evacuation open to his patients and
he must decide how best to utilise their potential.

In basic casualty sorting the patients can be readily grouped into one of three
categories.

Group I Minor injuries which can be treated by a regimental orderly or by the
patient himself. Treatment may consist merely of cleansing the wound with an adtiseptic
and applying an occlusive dressing. The soldier will be able to return to his unit
immediately and hence back to duty.

Group 2 Patients with an injury which will not enable them to return to duty but
which is not endangering life or limb e.g. burns of the hands and face, simple fractures
of the upper limbs. These will require treatment in the Casualty Clearing Station and
the patient must be evacuated, not necessarily by the fasttst route.

Group 3 Major wounds which will require an operation in the Casualty Clegring
Station. Some of these will require rapid evacuation to have surgery performed
urgently on them. In this group are patients suffering from shock and who are in
need of resuscitaticn. It is here that the Regimental Medical Officer faces a dilemma.
Should he start active resuscitation in his Regimental Aid Po~st. having tried to halt

the progress of shock by s-topping haemorrhage, splinting fractures, dressing wounds
and relieving pain? By active resuscitation is meant the setting up of an intravenous
drip and the replacement of blood loss with Macrodex, Dextran, plasma or blood. How
much fluid Js he to give the patient? When does he stop giving fluid? Does the half-
resuscitated patient travel better than the fully? - or does the patient who has not
been started on resuscitative measures at all travel better than one partially
resuscitated? What is the index to be used to show the return of circulating volume
to normal?

In static centres cannulation of the external jugular vein and transfusion until
normal central venous pressure is reached is ideal. So too, is the introduction of
red cells labelled with radioactive potassium or chromium and measurement of the blood
volume from activity counts. Estimation of blood loss can be done by examination of
the clothing, but the modern combat kit is water repellent and does not absorb blood.

Tables have been devised to crrelate volumes of blood lost with the size of the
hand, a superficial wound being compared to the open hand which is the equivalent of
one pint loss, while the deeper wound is measured in terms of the closed fist, which
too equals a pint loss. Pulse rates and blood pressures con be misleading as so many
factors Influence these readings. To be of real value pulse rates and blood pressures
must be done as serial readings for comparison. Replacement of fluid by more than 35%
of the normal total circulating volume (i.e. an infusion of more than four pints or
two litres of a volume expander like Dextran or plasma) dilutes the oxygen carrying
capacity of the remaining blood and is also liable to restart haemorrhage which will
further deplete the circulation of its oxygen carrying potential. If the Regimental
Medical Officer does not resuscitate the patient actively, then irreversible shock may
supervene. It is interesting to note the volumes of blood used in the treatment of
the wounded in the past. At the end of World War II, 67 pints of blood per 100 wounded
was used. In Korea the figure had risen to 90 pints per 100 and in Borneo the figure
was up to i50 pints per 100 wounded.
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Is irreversible shock then a manifestation of the under transfused? Post mortem
examination of patients dying of prolonged shock showed certain cerebral changes and
also areas of subendocardial haemorrhage on the left side of the interventricular
septum. Muscle and hepatic hypoxia lead to the production of circulating shock-
promoting substances which may well prolong shock and make it refractory. it what
stage in this dynamic state then should the fight against shock be actively coaenced?
Should the Reimental Medical Officer resuscitate at once or should he wait until the
case comes to the surgeon? The answer to this depends on factors which were previously
mentioned, namely casualty load and casualty dispersal.

If the Regimental Medical Officer is swamped with cases then he will not have the
time to devote his attention to resusctitation on a large scale, because of sheer
numbers. He will have to clear his Aid Post rapidly to make room for more casualties.
Paucity of equipment too will determine his efforts, as he usually carries the minimum
of resuscitative fluid since it is bulky and weighty. Drips can be difficult to put
up under poorly lit conditions az'J with collapsed veins. He will therefore, under
these circumstances, have to depend on Casualty Dispersal and on a Priority Grading
that will enable the patient tc be taken to the Casualty Clearing Station rapidly.
The conventional gradf.ngs are as follows.

Priority I Cases requiring resuscitation and urgent surgery. Asphyxia due to
respiratory obstruction, for example, This obstruction may well require relief

ibefore evacuation and first aid in the form of endotracheal intubation or
tracheostomy by the Regimental Medical Officer. Cases of tension pneumothorax
or haemothorax interfering with respiration may require needling before evacuation.
This can be done by closed system drainage using a two-thirds empty saline infusion
bag in reverse as an emergency method to remove the air or blood. Extensive burns
require rapid evacuation to the Casualty Clearing Station, wrapped if possible in
polyurethane foam. Large muscle wounds and major fractures should be in the hands
of the surgeon without delay.

Priority II These patients require early surgery and possibly resuscitiation,
e.g. perforations of the gastrointestinal tract and genitourinary tract which are
not continuing to bleed severely, and closed cerebral injuries with or without
increasing loss of consciousness. The Regimental Medical Officer must ensure an
adequate airway in these cases and also must make sure that the correct "coma
position" is adopted in trsit to the Casualty Clearing Station.

Priority III Includes spinal injuries requiring decompression, and minor fractures
and minor wounds requiring the minimal of surgical treatment or surgical toilet.

3. THE MEANS OF EVACUATION

The Regimental Medical Officer, having decided on the priorities, is then faced with
how best tc disperse his casualties back to the Casualty Clearing Station. Under ideal
conditions the patient should be back to the surgeon within six hours of wounding, if
he is to get the best out of his surgical treatment. Again in ideal conditions the
Regimental Medical Officer has the choice between two methods of evacuation; the
helicopter or conventional road transport.
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3.1 What Do Helicopters Have To Offer?

1. They provide a more rapid form of evacuation and hence save time. This often

means that it is possible to get the patient to the surgeon in under six hours. The
less time taken from the wounding to being in the hands of the surgeon also means less
time for the dynamic chavges of trauma to gain a proper foothold and become established.
less time for shock to become prolonged and perhaps irreversible and also less time for

infection to establish a nidus.

2. They provide a comfortable journey, since there is no jarring or bumping which
to a wounded man mean pain, shock and the restarting of bleeding.

3. Their use allows a reduction in the handling of the patient. The helicopter in
the ideal situation can be brought right up to the Casualty Collecting Post and hence
eliminates some of the handling which is required in conventional evacuation by road.

4. Their use saves valuable manpower as there is less handling. This potential can
be utilised elsewhere.

3.2 What Does Conventiona! Road Evacuation Have To Offer?

1. It is more time consuming and more traumatic to the patient, perhaps tipping the

case with incipient shock into fully established shock.

2. Repeated examination of the patient is performed in this chain of evacuation and
any deterioration can be picked up quickly at the Casualty Collecting Posts or by the
Field Ambulance at the Advanced Dressing Station. Attempts can then be made to check
deterioration by giving intravenous fluids; analgesics can be administered; splints

adjusted and bleeding controlled If it has restarted.

There is no doubt which form of evacuation the Regimental Medical Officer would choose

for his patient if helicopters were unlimited. However if helicopters are at a premium
then he must use them wisely and with discretion. Priority I cases are the classical

ones which require helicopter evacuation. Even using helicopters however, the Regimental
Medical Officer still must decide how much, if any, resuscitation is required before

the patient goes in one hop from front line to surgery, remembering that no checking

of bleeding or splinting and no check on deterioration will have taken place in flight.

This places a far greater onus on the Regimental Medical Officer than hitherto. He has
the task of forecasting rapidly the imediate future of a wounded man caught in the
dynamic state of shock and deciding how best to evacuate him.

4. THE CASUALTY CLEARING STATION

The second aspect of Casualty handling starts when the patient arrives at the Casualty

Clearing Station and comes under tne care of the military surgeon who forms part of the
Field Surgical Team. The rest of the team is made up of L Theatre Sister, an anae-

sthetist, a Medical Officer trained in xiz,.i;ation, theatre and laboratory technicians.
The task of the su:geon here is simple to state; namely to save life and limb and to
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prepare the way for further stages of surgery to take pla.ze at base hospital. Unlike

his civilian cc.unterpart, the Army Surgeon has to operate under difficult conditions
on patients who have often had a rough, tedious journey since their time of wounding.
They are often shocked and in need of blood. Depending on the battle area and terrain,
their clothing may be mud soaked or heavy writh sweat. Ope of the biggest boons of
helicopter evacuation has been the reception of the case by the surgeon within six
hours of wounding. This valuable time saved means that infection has not had very long

Oto become established and is worth more to the patient than any antibiotic umbrella
started by the Regimental Medical Ofiicer with penicillin and streptomycin. In Borneo
the soldier carried capsules of tetracycline which he took if wounded, so as to start
antibiotic cover at the earliest possible moment. It is doubtful if absorption from
the stomach after wounding would allow a high enough effective circulating level of

atltibiotic, out this was the best we could offer in the circumstances.

5. MISSILE WOUNDS

What are the principles of Military Surgery applied to the wounded soldier by the

Field Surgical Team? It is proposed to deal with missile wounds in this talk, omitting
burns and fractures which do not vary much from civilian practice. Missile wounds are

divided into two groups.

Low Velocity Missile Hbunds. These are usually spent bullets, fragments of

shells, mines, rock splinters and grenades. The damage done to the tissues in this

form of wounding is usually confined to the tract only.

High Velocity Missile Wounds. In these wounds the area surrounding the tract
has been badly damaged by a pressure wave set up by the passage of the missile,
which usually blasts the tissues outwards away frio- the tract. A vacuum is created

and on collapse of this blown out tract, .ufected tterial from the skin and clothing
surrounding the entry and exit wound are sucked in'zu the wound. What may appear at
a rapid glance, as a simple through-and-through wound of a limb may appear at
operation to involve an area of severe muscle danage to the tissues surrourding
the tract laiger than a fist. This internal blasting causes intense muscle swelling

and mav lead to constriction of the circulation of the limb distal to the wound some
hours after wounding. It is therefore imperative that proper decompression be carried
out. It is important for the Regimental Medical Officer if possible to ascertain
the type of missile used in wounding and pass this information on to the surgeon.

6. THE PRINCIPLES OF WOUND CARE

In dealing with the wound itself, the following principles are essential and basic.

They have evolved through years of experience of military surgeons and often require
relearning at the beginning of each new campaign, when the bitter lessons of past
nxperience have been forgotten.

1. Every wound is contaminated and this contamination increases with the passage of
time or with meddlesome interference with dressings wbich add iatrogenic infection.

2. Patients should be resuscitated full.,' before operation and additional biood must
be available for tne replacement of blood lost at opr ration and for subsequent loss

into dressings.

-3



106

3. Gs Cangrene is an infection of devitallsed mis-le and en-e anything which
causes anoxia to the limb will encourate its developnent. Tight Sandages and badly
applied splints could lead to gas gangrene. Inadequate excision of devitalised uscle
leaves a nidus and if closure of the woud as a priary procedure is perforzad, then
the circunstancei are perfect for the onset of gas gangrene.

4. Tourniquets should not be used unless in a dire eergent where direct pressure
will not stop bleeding. If a tourniquet is in place it sbould be left there until
facilities for stopping bleedir- surgically are auljjable. i.e. in an operating theatre.

5. Indriven clothes and equipLrent are dange-rous sources of Infection and all at-tets
should be made to re~ove thee at operation.-

6. The treatment of the wound is in two stages.

(a) Four. excision. Skin is very valuable and only eazged skin is excised. A
longitudinal incision is =ade to allow exposure. All da aged fat and fascia
are removed and the fascia is opened widely to llowI detampression of the under-
lying muscle. All dead muscle s excised until healthy, bleeding, contracting
muscle is seen. The tract is fully explored azd all foreign material, especially
indriven clothing, is resored. Haenostasis is secured and the wund is left open
to drain. A roll of gauze is lightly laid into the wound. 'he skin is not sewn
up. Tbe wmLid is then encased in wool add dressings and is often fized in a
PlasLer of Paris mould. If it is a shoulder wound then a thoraco-brachial plaster
splint is applied. A leg wound in a 1Thomas splint has this converted to a Tobruk
splint (a TMosas splint encased in Plaster of Paris). This enables the patient
to be moved for the second stage of the operation at the base hospital.

(b) Delayed Primary Suture. This is carried ou' as a second stage operation in the
base hospital three to five days after the initial wound excision. The wound
by this tise is clean and the swelling of the tisues from the blast Injury will

* have subsided, allowing closure. If closure is not possible at this stage and
the wound is clean. a splint skin graft cvn be applied to close the defect.

7. Abdominal casualties should be retained at the Casualty Clearing Station for at

least seven to ten days and should not be evacuated before this period. This fact was
established many years ago, but no proof or eplanation for- this appears to be recorded.

All other cases travel well and can be moved for the second stage of the operation
N within twenty four hours of the first operation. They can be mo;ed by road or by air.

7. CONCLUSION

One f the new features of evacuation by hplicopter is that patients who would

normally bave died at the Regimental Aid Post or en route by conventional road transport,
may survive the shoit hop by helicopter. This may mear salvage of life which would
previously have been lost, but it may also mean the arrival at the surgeon of cases,

alive, but too far gune to survive. The surgeon faces the di*ficult decision with such
-ases, as he may spend too much of his valuable time on one hopeless patient when he
could be doing work on cases !:ich will survive with treatment. The decision is clear

but difficult.
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Helicopter evacwtico is a gren advance both for the we-ded man and for tbe
Medical Officers. ino came to depend upon thei- Sane cncepts in casualty handling

require second thoughts vban comsidering their use. znd t'ze and experience alone can
p-ovide the best answers.

I

DISCUSSION

Tme session chairzxn proposed that discussion on thbs paper should be deferred until
after the next presentation. that by Ig Cdr Eoun, ?. .

I2*1
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j THE RECEPTION OP AIR EVACUATED CASUALTIES
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RES1UXE

V auteur rend coupte icA dui fruit de ses exriSriences en tant que
Cbirurgien Consultant dians les H6pitaux Militaires d'Aden cii blessis
civils et militaires furent traitds an cours des opirations; de Radfan
en 1964 et des activit~s terroristes des mois suivants dans Is

A Fidgration d' Arabis dui Sad.

Eni ce qui concerne le traite2ent des blessures causies par des
missiles. ii rappellera les princlpcs de base de Is rianization et des
soins; 1i onner aux plal's, et soalignera is valeur des transfusiong
et des sutures prizaires; diffgries-

11 exposera les avantages et les probhiines de r dvacuation airienne.
sinsi qua ".eur rapport avec les divers besoins dui patient ec dii

chirurrien.
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TIlE RECEPTION OF AIR EVACUATED CASUALTIES

Wg Cdr R.F. Brown. FRCS. RAF

it is with great pleasure that I have the honour to offer to this Symposium ry own
coe-ents on casualty evacuation by helicopter, speaking as a general surgeon responsible
for their further hospital care. and in many cases for their initial treatment also.
Much of ny material -ust overlap with that already presented by zy medical colleagues
in the Army and the Royal Navy. The co-operAtion between these three arms of the
British Armed Forces was, and is, very close in South Arabia whether working at the
sawe jobs or perforring different parts of the sane task.

Aden and its hinterland has alvays been one of the world's trouble spots. To endemic
tribal rivalry and sporadic warfare have been added national disharnonies. Such a
combination of circuastances led to the unrest of tribes in the P~adfan area, in 1964.
which has continued with the Nationalist terrorism. This area of mountains and rocky
valleys lies about 50 miles North and East of Aden and is approached via a single

tarnaced road. which at that tire was not complete. Good co--unications are thus
extremely difficult and by narrow tracks only. totally unsuitable for wheeled transport
upon which the Army generally relies for support and supply. For this reason, ground

campaigns in the past have been Impossible and the Royal Air Force has policed the area

from the air.

However, the advent of the helicopter ha.. given the Amy mobility. It is in its role
as an air ambulance that we are concerned in this session. Air .ransport of casualties
was well estcblished by the end of World War II using conventional aircraft. 22.000

cases were flown from Normandy to the United Kingdom in the 3 months after D-Day for

hospital treatment. After collection by road in France they arrived at airfields in
Wiltshire and were moved by road again to adjacent service hospitals or by rail f'ir
wider dispersal. In these circumstances the cases received at Fosptials in UK should
not have required urgent resuscitation (since they should not have been loaded in the

first instance). Severe sucking chest wonds and patients who had had exploratory

operations fo the abdomen were excluded, 3eing retained at more forward surgical centres.

The chain of care was thus stretcher party to Regimental Aid Post, for primary first
aid, and thence to an advanced dressing station and to a casualty collecting station
which functions as a surgical unit since it is linked with field surgical and trans-
fusion teams. Further moves to base arei are required later. in general the early
moves are by ambulance, the later by road, rail or air. The principles underlying this
organisation can be stated as bringing medical care to the injured, as far forward as
is practi- ble in the circumstances at the time, principles enunciated by John Hunter

and Larrey. The helicopter has altered the emphasis and now it is possible to bring
the casualty to the established medical centre - that is, to the base hospital outside
the area of immediate hostilities. The distances that are acceptable are measured as
before in time and n~t in miles.
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In Aden there are two Service hospitals both staffed by the Royal Air Force, one
adjacent to the cain air base at KM-rnaksar. the other about seven niles away. There
is also a large. well eqqipped civilian hospital for local nationals. Helicopters can
land close to each of these three hnspitals.

The incidents resulting in casualties are sporadic and frequently at dusk or at
dawn. All types of missile injury arb seen from landmines to small arms fire, and from
mortar shelling and grenade attacks on scattered military outposts. At such points
there are only a few servicemen and medical care will be the responsibility of an
orderly, and he or comrades will carry out first aid measures and seek assistance. A
helicopter will be dispatched on the receipt of a radio message requesting medical help
and generally a medical officer will accompany it. The machines used are the small
Scout helicopters, the larger Wessex and the twin-rotor Belvedere. and occasionally a
conventional aircraft, the Twin Pioneer.

The p ints T wish to cuphasise are that casualties arn picked up, usually at the
site of an incident, with the minimum of delay, if still under fire, after minisum
first aid. They may not have been seen by any medical officer. Their condition on
arrival at our hospitals depends entirely upon the nature of their injuries and the
time lag since the moment of injury, taken in conjunction with the first aid measures
instituted in the short time available.

The essence of the problem lies in the speed at voAlch evacuation is possible. In
civilian road accidents the aim is to call the atbulance and race the patient to
hospital. In ilitary operations this ideal is not ilays possible although it could
be organised at the expense of other flying commitments. if it cannot be guaranteed,
then forward medical services are still necessary to save life and to prevent the onset t
of shcrk by starting measures of resuscitation in the field. The wounded travel well
if despatched shortly after injury and a rapid flight brings them to hospital. But
once a delay has occurred then a pause to set up an intravenous infusion is time well
spent, and a stop at a forward aid post is preferable to immediate evacuation.

The flight duration to Aden is about 35 minutes. I believe it to be true that no
patient is unfit to travel by helicopter, just as no casualty is unfit to be placed
on a stretcher. Moving a patient requires care, and injuries (for example a broken
spine) must not be aggravated. A casualty cannot be left where he is, without care at
all.

1

First aid measures to save life or to avoid losing a life unnecessarily must be
taught to all ranks. There are only a few situations where the care received affects

the eventual outcome, but these must take precedence over all other aspects of treatment.

1. Con-rAlling major haemorrhage. Torrential bleeding internally in chest or abdomen

may well be fatal. No first aid measure is effective and immediate transfer to hospital
gives the only hope of survival, with early surgery.

For bleeding from soft tissue injuries of the limb, direct pressure at the site, using
the field dressing tied firmly in place, is preferable, to the use of a tourniquet. If
blood soaks through a new pad is added to the outside of the original one. If conditions
permit, the accurate placing of a haemostat on the vessel may help but some form of
sterile swabbing and good lighting is required to avoid injury to adjacent structures.
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The same applies to wound-packing with through and through sutures, but this is
preferable to the use of the tourniquet and may well make the flight to hospital less
hazardous.

I doubt if there is any place for the tourniquet except in the first moments after
injury whilst dressings are being applied, or to afford firm pressure over a field
dressings. Certainly to transport a casualty for any time ith one in position is to

imperil the limb. Where I have admitted casualties with tourniquets in place, releasing
then has not resulted in catastrophic haemorrhage. There is little opportunity to care

for a patient in a helicopter and there is an argument .nere for placing the tourniquet
in position to be tightened in an emergency, but other measures are preferable to control

bleeding before departure. In the dangerous injuries at the root of the limb, tourniquets
cannot be used anyway.

2. The sucking chest wound. This must be closed at the earliest possible moment. Air
entry into the open chest wall is prevented by fixing a field dressing in place at once,
and leaving it undisturbed. These patients travel well once the leakage is controlled
and respond well to early surgery, provided major structure in the chest are not injured.

3. The maintenance of a free airway. This is possibly the major hazard to the life of
a casualty suddenly lifted and transferred as an emergency. Blood and mucus in the
throat, vomit or foreign bodies such as dentures, or the tongue falling back will
suffocate the unconscious patient who cannot clear his own airway by coughing even if - -

the original wound bleeding is relatively trivial (eg a facial fracture with nose
bleed and concussion). The obstruction must be cleared before loading and the patient
laid prone, the face projecting beyond the canvas of the stretcher and the forehead
supported by bandages between the handles. Thus blood and secretions can drain away
and the tongue does not fall back. In the obstructed patient death can follow within

minutes, even at the door of the hospital.

4. Measures for resuscitation. Obviously some form of medical training is necessary

to set up an intravenous transfusion, but I do not believe that it should always wait
upon the arrival of a medical officer. A medical orderly can be trained for this duty.
In Aden we used reconstituted plasma rather than dextr"ai to avoid interfering with
subsequent blood grouping and cross matching. Using small pools of plasma in drying,

the risk of transmitting jaundice is much less, and acceptable.

The use of blood in the field was advised against. The time delay between injury
and admission to hosptial was not such that anaemia was a major hazard provided a
plasma expander was used. A medical officer was not always available and mistakes in

grouping and cross-matching could not be excluded, offering a further hazard to 'Ife
with little gain.

However there is no doubt in my mind that patients travel better and arrive in a
more satisfactory condition and are ready for operation earlier if plasma is given
as early as possible after injury and continued during evacuation. Normal saline is
a poor alternative and its effect short-lived.

It is not always possible to administer to patients during flight, and if they travel
in a pannier attached to the skids of the Scout helicopter it is impossible. For the

future 1 believe that this factor should be taken into account in alloting helicopters

to the task of air evacuation.

I
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Oral fluids are contraindicated in all cases who are expected to require surgery
and anaesthesia. Sucking ice or a moist rag may provide comfort however. In hot
climates the relative dehydration of those exerting themselves aggravates the phvsio-

logical stresses of injury and makes fluid replacement even more urgent.

I do not need to dwell on the other measures taken in the field to help the wounded.
Fractures are splinted, normally only minimal fixation is required such as a sandbag
or a wire splint to prevent accidental movement. Tetanus toxoid, penicillin and morphine
are given to all cases almost routinely and I have no experience of tetanus infection.
Burns are covered: The Army has provided sterile-packed polyurethane foam sheets for
fixing as trausport dressings. The difficulty lies in having then available at the

point of injury since the Battalion aid post is generally by-passAd en route to hospital.
The cleanest material available should be utilized as a temporary cover to protect from
the dust and dirt thrown up by the rotor blades of the Leliccpter. Barns travel well

before the onset of shock, and an early start to resuscitation should be Kade, again
giving intravenous plasma.

Documentation should be very simple if casualties are being admitted virtuazly
direct for definitive care, since a further move is unlikely from the base hospital
until they are convalescen.L. Their own identity card records their personal details

and the field injury card need only indicate tiue and cause and severity of Injury
ind whether morphine or other drugs have been given. In general, in the circumstances
we worked in in Aden we seldom needed the dt :ails this document provides.

The conditions fo the flight itself seems to have little effect on the state of the
patient on arrival at hospital. I have already commented that in-flight care may have
to be minimal but if the flight duration is only 20 to 30 minutes, this must be
accepted. However pre-flight preparation or an intermediate stop at a Battalion aid

post may be preferable to the longer dash straight to hospital (if the patient's con-
dition is serious). The time from injury is probably the determining factor on the

need for resuscitation measures. If this has already exceed 4 hours, a slightly

longer delay to start a transfusion is better than immediate evacuation.

The knowledge that proper hospital care with all the facilities of a civilised
community are available a few minutes away by air is a major help for morale and there
is no doubt that the helicopter is the ideal ambulance for war casualties and that
medical care should be planned around its use. In World War II the use of supply

aircraft for air evacuation of casualties was generally subordinate to their other
roles as freight or transport planes. The air evacuation of casualties is a vital
factor in any battle and not a luxury. It is an essential part of the planning task,
and in my view, air(raft or helicopters should be allocated for this task alone as air
a&bulance squadrons under the control of the Medical Staff. This should bring an end
to conflict between Field Commanders and the Medical Branch in assessing priorities.
The advent of the small support helicopter such as the Scout or the Wessex makes this
feasible, whereas tying a Dakota to this work was unacceptable.

If
If a base hosptial is to receive acute casualties, various planning and destglg

points must be considered. The helicopter landing area should be close enough to avoid

the use of ancillary transport, but at the same time, the ward areas should be protected
from noise and dust. The hospital reception area must be large enough to permit the
resuscitation, sorting and emergency care of maltiple acute casualties, and with all the
necessary equipment. In a permanent establishment this can be diverse and complex.



115

Consideration should be given to the design of stretchers: they should be suitable

for air transport and stowage, designed to fit in aircraft bays but also suitable for
hospital use to avoid repeatedly moving the patient, in particular they should be suitable
for use in a Radiographic Unit and not be opaque to X-rays.

The advantage of working at fixed bases are many. The standard of care that is -

possible is higher and at the same time it is economical of medisal and technical man-
power.

It is not my purpose to discuss the later surgical treatment of war casualties at
any leng-th but to emphasise that all our experience has shown that wounded excision
followed by delayed primary closure 4 - 5 days later is as effective today as it was

in 1945 and in 1918. The major advances in surgery over the last 25 years such as
operations on major vessels, the use of the artificial kidney, the care of burns Ju
the acute shock phase, chest and neuro-sureery and so on - all have been dependent
upon expert, accurate ancillary services in laboratories, radiological departments and
good anaesthesia. If we are to offer these advances to-those injured in war, then early
efficient routine evacuation to sophisticated fixed medical centres is essential. The

helicopter has made this possible.

-I-
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DISCUSSION

Ig Cdr Eley, commenting on the remarks about blood grouping and cross matching, asked
why it was not general for service personnel to carry their relevant data on identity.
discs. Wg Cdr Brown replied that in all services of which he was aware the risk of
error in the initial grouping or subsequent incompatibility for other reasons was of
such magnitude that grouping and matching after injury could not be dispensed with.
Air dre Yerbury stated that improved techniques were being tried and that blood group
data were to be recorded on identity cards in the near future, although he agreed that

subsequent field tests should be carried out whenever possible before blooe vas ad-

ministered. Wg Cdr Eley disliked the idea of data recording on the IdentiL cird and
felt it essential to record such infor.Aation on a disc or plaque worn round the neck or

on the wrist. Capt Buckley commented that US Aray personnel have blood group and Rh
type recorded on identity tags. Capt Mattox stated that in spite of such data, it
was practice in Vietnam to use only group 0, low Rh titre blood for immediate transfusion

if cross-matching was not possible. Wg Cdr Brown agre.d with this practice, which
had been used in Aden.

Col Thierschiann expressed anxiety at any suggestion that the use of the field medical

record card might be dispensed with in conditions where immediate casualty evacuation

to base areas was possible, In particular, this document was invaluable where casual-
ties of one nationality were transferred to the care of medical personnel from another
nationality. Col Neel agreed that a modest amout ,.f information was essential. The
first medical orderly to attend the casualty should initiate the card, but in practice

this was often deferred until the case arrived at a hosptial.

Brig Gen LaAchner commented on the number of types of stretcher or litter in use, and

Col Cody added that at Anglo/US bilateral trials which he had just attended incomrati-
bi]ity between British stretchers and US helicopters was a serious problem.

Considerable debate on the shortcomings of current stretchers followed, and it became
clear that much work was needed before such incompatibilities could be overcome. Col

Neel pointed out that there could readily arise in field conditions serious logistic
problems with shortages of stretchers either at base areas or in forward units. Wg
Cdr Brown urged development of a stretcher of stacking-basket type, cheap, disposable

perhaps and compatible with the concept of minimum handling of the patient. To this
end such a device should be acceptable in all stowages, translucent to X-rays, suitable
for prone or supine nursing etc.

Wg Cdr Fryer asked about experience of the values of external carriage of casualties
in 'panniers'. Col Neel stated that they would be unacceptable to the US Army who

based their casualty handling procedures on a mandatory requirement for en route access.
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UN INNALATEUK PORTATF 3' OXYGENE

Lt.ol-A.'.4rafn. SMP. VCf

Les biliceptdres de la Force iriemne Belge ot. eatre actres oissicos. celle de
porter secours IL toot accidentf &mev se tro~uran tn eadroit difficilement accessible,
principalement en ner on en ntae.

11 est Important cae r 6qaijre de seomrs all't a disp-risf tion. outre mne trousse de
soins argemts. =n Imbelabenr Tf oxygine qui pemerte on trai ment rianimatear.

D2 syst~ae particallireaet Ant4ressant a 4t6 conga et mnis =- point i I& Force
Ahriene Sege. 11 VS'ait qr we calsse italfllqre cotenaizt =ne boateille (rzns-
cooprii4 i 450 psi, =n rigulsteuar ' ax-in D2 ou 3MIl. on izasqie classiqme. Dams I&
cbeanile da imasq~e est !ma~r& mne valve de Burns d~stinie a scp~riner 1 arriv&e
ifoygr an nas e edont I' exp!.ratIon. Le pol ds tetal de .2 V~: -- de-

10 Ira (Fig..I et 2).

sar is face supirietire roas trouvoos le r~tulatetir. la vione d' onrerture. le
ammiutre frdiquzant la pressloc existant dams I& bouceille. I' indic-ateur de debft.
le bouto de surpression.

Le leer de dilution ferse 1' tntrie if air uzbitnt. D' antre c~tL4 se trouve la
rmoe de rewplissage et =n Joint perzettanjt le remplissage i& partir d' one source
if oxygine i hante pression.

Dims la petite cassette centrsle se trouve le masqnae classique et sa chenille. dans
Isquelle a 4t incorpor-de une valv, de Burns destinie iL supprizer Loute arrivde
if oxygine Pendant 1' expiration.

La source d'oxygine est mne bouteille de 8 litres supportant tine Pression de
450 psi. Une valve de sicuriti eop~che toute surcharge.

Toutes ces Pikces. L !' exception de la valve de Burns. sont if origine ailitaire.

Le montage de 1 appareil ne prdsente siucune difficulti et pent &tre rialisi dans n
aelier de naintensnce if unitd.

La n-aroeuvre de 1' appareil est siu-ple et petit 6tre exicutge ccrrectement par toute
personne, mime peti initile.

La surpression donnde par le rdgulateur eat d' environ 15 cent. if eni: 1' appareil
fonctionne antoo-atiquement si le patient ne respire pas. La valve de Burns laisse
passer l'oxyg~ne vers le masczue sussi longtenps que la pression de V'air alv&laire
a' dgale pas celle d4fit~e par he rigulateur; au moment de 1' 4galisation de ces
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pression-R, le diplacmet if uie imbrsxe couP3 1r arri'vie T oxygine;, 1' eflarticiti
t!oraclque prezzue une expiration qui ouvre I& gtu-y~e d' cipiration. du nasqae.
V' eu-A.ratfon terin&~ et Is prsssion puI~ontlre itsez, tombie. la Talve Tz dibiter
de l'oxy -kc en surpression. criaat aln3:3 cn rytbee respiratoire artificiel. La
friquence de ce rytbae est factiom de I& caacti pulmonaire et de It surpression-
L sc'Psrml est, conga pour ~m rythac res_-zratoire dr eavirom 15 wmoae-ts par minute.

11 ia dr; sol que Its voles a&ieones doiyvet itre libres sirou une ispiratioo
prial-able e iwpose. La valve de Burms he. am bruit rytfzig tras rapide en cas
C' obstruction des volts reviratoires. V espace snort do zasr-e maintifent an tanx:
coavecable d' wbydridMe carbonique pour mainteaIir =e excitation suffismate ft centre
respiratoire- La r~serve droiygae u- de vixigt minuates, a drit aliuE

*I L avarei.Z est 14cr. si1e iL zan!,er. ali a recbarger. sa sicaritd est torale.
* La construct."on et r wptretien -oat sipes et sot danw Its possibilitis des bases

sirieanes Toutes les m uItis I~ar,:ites de la Force Mri~rne Mtige es sont dotees.
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HELICOPTER CASUALTY EVACUATION
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REMSE

It org2szation. et lec onxuOle op~raticmnne des services d, ivacia
por bi4itoptir sob". dixecutis. et des exa~les de problimes renconugs
sont tiris de I-expirience en, Sod Arabie et Borngo.

Le rble vl de 1' infizuier de compnie dans les preoffers soizis des
wilides dunm ces conditims. est sczi.6 et r organistica des serrices
de soins chirargicsn est indiqziie.
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RELICOPTER CASUALTY EVACUATION

Lt Cal A. X Ferrie. FAMC

Even before the end of the second world war air evacuation was being increasingly

used to get the wounded well clear of the battle zone. E&perience since 1945 has clearly
demonstrated that air evacuation is the method of choice in casualty transportation and
can be used in the battle zone as well as in the ore rearward areas.

The Increased speed of air evecuation over any other form of casu-lty transportatioc.
alows the serious casualty to be takep rapidly to the surgeon and. as a risult, hrs
saved many lives.

The increased use of the helicopter by the fighting troops for deployAent has meant
that they are no longer dependent on roads for movement or supply and, as a result, the

helicopter in these cases is the orly method of casualty evacuation available.

The mobility of sodern warfare is depending more on air movement and less on aotor
transportntion. if casualty evacuation is to be successful, it must conform and utilise

the helicopter. The increased cost and overheads of the helicopter can be to some extent
offset by:-

Reduction in motor ambulances needed, because of the increased speed of the helicopter.

Reduction in medical manpower needed, as the helicopter to a large extent replaces

the stretcher bearer and eliminates most of the intervening medical posts between the
irfantry and the surgeon which were previously necessitated by road casualty
evacuation.

AVAILABILITY OF AIRCRAFT

The British Brigade has at the present time few helicopters within its organisation.

It has a Brigade Plight of six helicopters, each of which can carry two stretcher cases

in external pods and one stretcher internally. In addition each Battalion or .xtillery

Regiment within the Brigade has its own flight of three light helicopters. These
helicopters can carry two stretcher cases in external panniers.

Where the operational situation so dictates larger helicopters are made available to
support the Brigade. These aircraft are supplied either by the Royal Air Fbrce or by

the Royal Navy.
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CONTROL OF CASUALTY EVACUATION

With this mixture of helicopters both in type. size. and source of supply, casualty
evacuation is controlled centrally from an Air Operations Crentre at Brigade Headquarters.
iotification of casualties is made tLY Battalions to Brigade Headquarters who are respon-
sible for tasking aircraft for casualty evacuation. This say be done in three -ways: -

(a) Ay sending a helicopter forward from the rear Brigade area to collect the

casualty.

(b) U.en the brigade ares is large. bw tasking a helicopter which is alreadjy
deployed in the forard area.

(c) By diyerting a helicopter which is airborne on another task.

lien considerable distsnces are involved all three systems may be used.

Mere larger formations are involved, such as a Division, this in turn has an Air
Operations Centre for tasking the aircraft under its direct control.

This system meets most of the criteria for efficient utilisation of the helicopter

effort.

(a) The ttskint of aircraft is controlled from-the army headquarters which is
directing the battle.

(b- The highest priority tasks can receive urgent helicopter backing to the detriment
of less urgent tasks.

The fault from the doctor's point of view however, is that he has only indirect

control over the transportation of casualties and therefore of medical evacuation.
In addition, the time when serious casualties occur is usually the time when urgent
troop movement or resupply are required by the forward troops.

RADFAN AND BORNEO EXPERIENCE

The two most recent operations or police actions in which the British Army has been
involved ;ere the Radfan (in the Aden territories) and Borneo. In both cases much of

the troop movemcnt and supply was by air, and casualty evacuation had of nec ssity to
bt; by air also.

RADFAN

In tie Radfan the main area of operations was within 50-80 miles of Aden and
consisted of desert and mountainous terrain. There were no roads suitable for

ambulance cars.

Troops deployed basically as battalions to control an area by occupying strong

points. Having cleared one area they moved on to a new area, usually by night.
Sometimes the infantry moved on foot, sometimes they were carried by helicopter.

The battalions were reasonably concentrated with outlying pickets or companies.
Behind the batta' lns was a main base about 20 miles to the rear which had an air-

strip for fixad wing aircraft.
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Helicopters, by using the lie of the land and such rock cover as was available, were
able to provide close support to the battalions. Helicopter Usnding zonea we-e no

problem except occasionally in mountainous terrain, but even here They were able to
load at the hover.

Due to lack of cover, casualties usually had to be carried back a few hundred yards I
out of the direct l!ne of fire before they were loaded onto a helicopter. They were
then flown to the main base where a medical section of the Field Ahuilance was situcted.
The further 50 miles to hospital in Aden was normally flown by fixed wing aircraft.

B6RNEO

In Borneo the situation was more difficult. The Medical Services were required to
provIde madical cover to troops of approximately Divisional strength in periodic contact
with the enemy, along a jungle. frontier of nearly 1000 miles.

The infantry battalions were deployed in company or platoon positions. These
positions were static locations, well dug in for protection if attacked, and providing

bases for patrolling the border area. Some were in contact with the rear by road, but
thezmajority hbndno road-communications, and were supplied End reinforced by air.

There were only two permanent surgical centrzs to cover this front. A soldier,
S~wounded in the forward areas. might thcrefore have to travel between 30 and 300 miles

to reach-one of the tso surgical centres. 1hen the distance t.! evacuation was short

he was flown direct from the place of wounding to the surgical centre; when the distance
was longer he was first flown to the Battalion Aid Post where he received initial ....
treatment from the Medical Officer before continuing his evacuation tG the surgicl"
centre.

Some battalion areas were small while others were over 1000 square miles in extent.

With distances great and roads few and far between the medical officer usually had to
visit his forward companies by air. In Lhe early stages in Borneo, with a relative

shortage of helicopters, the Medical Officer had difficulty in -making frequent visits
to his forward companies. This left much of the responsibility for the day to day care
of the sick on the Company Medical Orderly.

When the battalion *as relatively near one of the surgical centres the wounded were

normally flown direct from place of wounding to the surgical centre. This situation
again left the Medical Officer sitting to one side, and threw most of the responsibility

on the Company Medical Orderly. It was only in the later stages with the introduction
of the unit light helicopter, that the battalion medical officer really started to have

fuK supervision of his sick and wounded, travelling round his company positions
regularly to see the sick, and going forward to attend the wounded after an enemy attack.

THE COMPANY MEDICAL ORDERLY

The use of the helicopter has thrown increased responsibility on the Company Medical
Orderly especially in situations such as Borneo.
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The Coa Medical Orderlies re elzber battalli'p mesoe* trained in medical
ttle3. or Medcal Obx-'s personel attached to the bttallov. 7bey r=n the copo

or platoca aid par't. mo were respeible for the day to day treatmeat of the sick
hetwees VIsIts of the Medical Offcr 7bthy accimed patrols im the border area
azd were rerpoasible for the initial treatmnt of the wofeL Utless a Medical
Officer could get forward. the decision cr. vbetbe7 a sick mm requ-ired ewaccatioc
rested am thea. with s=h at-. ce as coold be gly= Is radg-o. 7he lob called for a
soldier who was fit -o h to go cc patrol. had a kwledge of Iaintry tactics. had
good medical knowledge. Wa Imitiatie. and Wa nelf coafiimcee. It was wt easy to
find sufficlect am of this calibre wto cold be made ailable f,-- these dst-es.

EVACUATION FROM FORWAR ARMA

Ema forward Position had a beliccter landing pad mod eracmatlm of sick or wo6edI
L-=c such positicas presented little difficulty. lWaccatimt casualties from patrols
which were minly operating In priry Jtgle msmally involved fIrst cutting a helicopter
landinmg zcme before the casualty cz-old be lifted out. As operticcs progressed an
increasing ==xber 9f lxA~ing zones were cct in the border areas &=d patrols or amasbes
were plamed to a&How for an easy withdrawal to a landing zone should casmalties occur.
Alternatively a new landing zoe was cut early In the operation. This procedure
increased the speed of evaccatica and allowed patrols to quickly disenumber tbemselvez
of caicalties-

Other factors which produced delays In casualty evacuation wer-e: -

An afternoon biuild up of cloW. cc the bills and an early moning mist in the valleys
were routine in the siomtainous country. Nowi forward positions 'were an high ground
and got clouded In. W'bs slowed. but did not prevent casualty evacuation.

Pin PoLinting Patrols

It was not always possible for a patrol in primary jungle to give their exact
position. Radio beacos were Dot carried as a routine, and short delays did occur in
finding patrols.

In the British -Aray it has always been policy to try and get the casualty to the
surgeon within six hours of wounding. With the circamstances pertdining in Borneo

this was not always possible even with the aid of helicopters.

SURGICAL CErITEES

The suppoisting medical urtit In the British Army is the Field Asbulance. It is
designed to form an Advanced Dressing Statcio2 which, when a Field Surgical Team is
attached can form a surgical centre. In addition it can form three medical sections.
each with a Medical Officer. which can 1h: deglcyed forward in support of the infantry
battalions. 1hile one medicrl sectio. we-- '.sed in the Radfan. in Borneo they were
split up and the individuals us:!d as Company Medical Orderlies.
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I Sth s r-dgcal centres in Bor-neo were staffed ?T Field mbalance perscaurel. o, with
& Field Sartical Tei attached. Mey were situated in civil hospitals and =eP-e In fact

zilitwa wings of -bme hospitals.

A close J aisoe was mintained with Brigade Seadqmarters z-d whemerer camalties
occared in the forward area the surgical cen:re was iWforned. Details of the type of I
casualty and the expected tiae of arrival were passed c by the Air Operations Room

before the casualty arrived t heacopter. and the surgical centre as a result was

./ sc!Llty ratez in both Borneo and t~e Radfan were l!w but eren with linited helicopter

resources we were able tocPP '; w ere not externald. Had a major incursion happened
In Bornu we told have been faced with the probles; troop novezent or the eracuatioe of
6&Qlti:' Fortunately we did no have to sake this decision.

At the sta-t of the first world war it was felt t some that a=Wlanceswuere
S=ecesazy. Trucks carrying forward stores and aunition could bring back casualties.
It was f= d that this systez did not entirely work. The same argment has been used

about helicoi ers the helicopter going forward with troops and stores can bring back
csualties. This again is not the complete answer and it is to be hoped that in the not
too dist2nt futuri. the British Arxy like others may bare a few medical helicopters.

I
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USE OF A COMPUTER SIMULATION TO EVALUATE

MEDICAL HELICOPTER EVA UAT!ON SYSTEMS

by

j Major J.E.Blzer

US Army Wombat Developments Command,
Medical Service Agency,

Fort Sam Houston, Texas 78234, USA
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Aflui r oir unap-rV d2 nombre &f wuDces viriennes et terrestres.
* ~niessaire = sGmtle1 d' me division dfinfnierie on a utiilso un

rodile de sin~1stion par ordinateur conqu pour ivaluer 1' efficaciti
relative d! do systive if appui sanitaire, de division. Ce dispositif fait
paztie du ine sirie de tro!s modiles de simulation covables dr £vyaluer un
xystie dr apskd sanitaire depuis le lieu de recuell if un blesr Jusqo W
tratement et i r exhst ir un patient bospit'alsk Les trols modd~es

* sgout coagas pour fonctiouner Sur um ordinate'r IN 7090 ou- 7094.
camportant, une minire interna de 32,000 mots et 8 circuits de bundes
magnitizes. Stur procider i cette draluation. -00 s! est efforcd de
diteiviner le dosage adiquat des moyecs di vacustion airiens et
terrestres nicessalres auz soutien d! une divi son (r Ixafanterie eogag&.
en Eurcp3- Occidentale. duis une guerre terrestre classique ginfralisde
F. devande envergure. On a procidi & i ne sirle de 22 op-Srations Sur

simulateur en utilisat diverses combinai3ons de possibilitis -

d' dvacuation, terrestres et airiennes. Chaque opiration fournit des
domies sur les facteurs de rerformance pour la coabinalson de aoyens
terrestres et airiens itudige. Les facteurs utilisds pour drainer cirnque
syst~me de soutien itaient lea suivants: (1) dilais d' dvauation, dus k
1' absence da w~yens ivacuation disponibles, (2) temps aoyen 6couli
entre le moment de la blessure et I' srrivie du patient dans tine
iistallation midicale de 1' arrx~re, (3) temps norts des Boyens
d'&m~iuation et (4) chargeaent aosen de patients par voyage. On ii'sa4pas essay4, anco ecsop.rtios d lzatv d' dvaluer si

j lea syst~ses d' 4vacation dtudigs.
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USE OF A COMPUTER .lIJULATION TO EVALUATE
MEDICAL NELICCPTER EVACUATION SYSIEMS

Major J.E.Bizer

1. ANTODUCTION A

The US Army Cccbat Developments O and Medical Service Agency. located at Fort S
Houston. San Antonio. Imxas. has the mission to determine "How the Army Medical Service
will be organized. e-,-ipped and support the flghtiLg forces. To support this mission.
the agency has developed an operations research program designed to permit the
evaluation of field arm medical support systems either as a whole or in parts.

Initially. as with any operations research effort, valid input data must be obtained.
To provide this type of data, a study to determine the casualty potential of weapon

systeas is currently under way. The study will investigate the casualty-producing
potential of known wewon systems and assess the combinations of effects :hat May occur
when one or more of the systems are employed.

Once the casualty data are obtainei, che next logical step would then be a system
capable of performing a thorcugh evaluation of the impact this casualty load will have
on a given medical support crganization. Ibis system we bave today in a seric- of
coputer simulation models. I will tulk more about one of these models .n a moment.
The end result (output) would then be improved medical doctrine, tables of orga.ization

anJ equipment and the supporting field and technical manuals.

2. COMPUTER SJMULATION TECHNIQUES

Ever since it wcs determined that computer simclation techniques could be used to
analyze the elements associated with field army medical service systems, certain
dxestions have arisen concerning the nature and use of such techniques. The questions
most frequently asked are: (1) what is a computer simulation model and what features
should it have in order to be a useful tool for systems analysis, (?) why are such
models being used in the analysis of staffing requirements, and (5) how are the models
to be used in the performance of tnis analysis?

Anything which assumes the appearance of an operating system can be described as a
"simulation model". A type of model in general use today is the computer simulation
model in which a general purpose high spied computer is programmed to operate in a
manner representative of the way the system itself operates. So that we are all
talking the same language. I will define a "simulation model" as "a simplified re-
presentation of an operation or process in which only the basic points or the most
important features of a typical system under investigation are considered".
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A computer simulation model is made up of the following couponents:

1. A representation of the coputer' : umetry of each of the elements involved In

the system to be studied.

2. A set of rules governing the behavior of the individuals within the system. I
3. The program by which the given rules are applied to systems elements In order to {

produce behavior and interactions as they would occur during the actual operation
of the system. I

*" Because of the high speed and large memory capacity of modern computers and the ease I
with which they can be programed, computer simulation models can In most cases provide

a conur nient time-saving and relatively inexpensive means of studying the operation of
U.large complex systems and produce estimates of what a system can accomplish. An
important advantage of a siculation model is the fact that its structure can be and
usually is. such simpler than that of the systec it represents. The many factors in a

system which have little or no overall effect on its operatio. can normally be omitted
from consideration in the systems model. 7he question arises %f course as to which 2

factors are significant and which are not. This quezion can often be answered by
someone familiar with the systems operation, or 11y means of a preliminary operr.tional
analysis. How-rer. it any question remains concerning a factor's significancE, the

factor is retained in the model for further evaluation.

The purpose o analyzing any system is to determine whether the system can be

modified In soie way to impro-a its effectiveness and/or reduce its cost of operation.
The purpose itself implies the cAistence of alternate ways of organizing and operating
the systee. Ideally such a rc'el should be so general that most of its specific form

and structure In any particular application will be provided rather than by restrictions

within the computer program itself.

3. THE PROBLEM TO BE ANALYZED

With this basic background of the agency's operations research program and mode!

r * definition in mind. I would like now to demonstrate how we approach the problem of:
"obtaining in insight into the determination of the proper mix of air/surface ambulance

capabilities needed to support an infantry division".

To do this I will first describe the model used in a little more detail, the

scena:io and evacuation systems studied and criteria used for analysis.

rig-ar 1 is a brief schematic of the model as used for this evaluation. This model.

was design-d to simulate the medical activity from the rear of the maneuver battalions I
through delivery of a patient at the front door of a supporting combat zone hospital.

Within our series of models, we have one capable of evaluating the medical activity
of the maneuver bat,.a1ion and another which can evaluate the :lmpact varying patient
loads have on a hospi .al system. So in effect with the three models available, we

can follow a patient from ste of wounding through his discharge at a hospital.

This model can follow approximately 400 patients at one time through the division

level treatment facilities and is specially programmed to determine the effectiveness
of treatment and evacuation systems. The schematic shown here is a representation of



135

x x xx\  . '

-- X X / Hospital.

/ [ / - Aid Station taClearing
S-Claring -Evacuation System. -

Stations.

-~~ - Ce

Baltalicn Aid Evacuation System.
Stations.

Fig. 1 Schematic of simulation model

how the model was programed to handle this particular problem. The mqdel is flexible
however, since iyof the treatment facilities may be by-passed through use of
proper input. Tait gives the planner the ability to simulate the medical support
systems for preset or any future organizations. You will note on the schematic
that we have two distinct evacuation systems outlined. The solid lines show th ; move-
ment of patients from the rear of the battalion aid stations to the two supporting
clearing stations. The. broken lines outline the evacuation of patients from the
battalion aid stations (BAS) to a supporting surgical hospital. The reason two
separate systems are shown is that the model treats these systems as separate entitltes
and their activiti%_q are summarized independent of each other. The summary of resuitd
shown later in th; briefing will describe both of the systems shown on this schematic.

4. THE INPUT DATA

There are approximately 2500 items of input required for each simulation run. These
inputs can be grouped into five basic areas as shown in Table I:

TABLE I

General Inputs to Simulation Model

Time Related bctrine

1. Tim Step 1. Unit Relocation Criteria
2. Length of Daylight 2. Operations of Evacuation Teams
3. Initial Time of Run 3. Ehergc'icy Evacuation Routine

4. Pick-up of Patients at BAS
5. Treatment and Patient Handling

Routines throughout Area
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4. 1 Tlme-Welated

Mhe Tice Step establishes the length of time Whici cie computer assumes has passed

before rechecking the entire system. Other general time inputs describe the hours of

daylight 3o that conversions can be made from day to night speeds for vehicle and
personnel movement. The Initial time of day is used to orientate the comrniter in
determining when to conver. from day to night speeds.

ocrine"' inputs dictate how the model will operate for the evaluation being per-
formed.

4.2 Descriptive

TABLE II

General Input Data ((betinued)

[ Descriptive Information 17
1. Evacuation Tem LWading Points
2. Description of Evacuation Network
3. Description of Communication System
4. Unit Organization and Equipment

Tho data shown in Table II outlinse the various routines operating within the

doctrine established.

4.3 Patient Data

TABLE III

General Input Data (Continued)

Patient Data

1. Frequency of Occurre,,ce

2. Transportation Needs

Z. Route Through Syctem
4. Treatment Priorities and Personnel

5. Survival Probability

6. Disposition of Patients

The majority of inputs are entered here. These inputs (Table III) support the

75 different types of patients which can currently be handled by the model. As a

patient reaches each level of treatment, specific informat.on is required. For
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instance. the frequency of o.czrrence refers to the nurber of times one of the 75 types
of patients can be expected to occur. The t-rsportation needs indicate whether a
patient is mbulatory or litter and if a special type of evacuatin vehicle ia required.
The rcu- thr.ugh the systes and treatnet - przori.ies determine where treatment will be
recelvt and how quickly treatment is re~ired and by whom.

As a patient reaches a clearing station or a surgical hospital, his survivability

increases and new treaters are available. Therefore, new surves, new treaters and new
treatment times ust be available to the sinulati-n to accurately describe the patient's
impact as he passes through the system and finally were will the patient gi once
treatment has been completed.

4.4 Vehicle Classes

Inputs associated with the types of evacuation vehicles being simulated are shown
in Table IV:

TABLE IV

General Input Data (Concluded)

Vehicle Classes

1. Air or Surface
2. Rpeeds (day and night)
3. Capacity4. Breakdown Probability

5. THE SCENARIO

To perform an analysis and to provide the necessary inputs on the evacuation system
within an infantry division, a scenario describing a division in an attack was obtained
from the Medical Field Service School at Fort Sam Houston, Texas and adopted to the
simulation model.

The scenario, shown diagrammatically in Figure 2 is briefly as foilows:

The 20th Infantry Division is engaged in a large scale land mass conventional
w ar. The division objective is to secure a crossing of a river approximately
10 kilometers east of its present position. It is the Fall of the year; the
climate is moderate; the area is farm land, rolling, with small trees; the road
network is fair. Dawn occurs at six o' clock and there are twelve hours of daylight
per day. At 0600, the morning of the first day, the division begins an attack with
two brigades abreast on an enemy position along a hill mass approximately
1000 meters to the division's front. Heavy resistance is encountered; however,
by 1400 hours the initial resistance is overcome. The division moves slowly
against a stubborn enemy for the next four hours and by 1800 hours the objectives

I have been fully secured. In this initial 12 hours, 240 patients were placed in the
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Fig. 2 The scenario

isystem with the heaviest influx being 34 per hour between 0600 and 1000 hours. The

Jdivision remains static during the next twelve hours of darkness preparing for the
attack in the morning.

Day 2 Zinds the division attacking a weakened enemy who has withdrawn 1600 meters
back from the division line. By ten o'clock the initial resistance has been over-
come and the division advances rapidly. By nightfall the division has reached the
west bank of the river and is preparing to secure the river crossing the next

morning. The patient load in the 2nd day corresponds to the intensity of combat
with the heaviest load of 116 patients entering the system the first 6 hours.

6. THE EVALUATION

The evaluation ef the division medical service evacuation system consisted of two
series, totalling twenty-two computer simulation runs.

The first ;eris simulated the division evacuation system using 18 different
tir/surface combinations ranging from 3 to 15 helicopters and 8 to 40 ground ambulances
operating within the entire system at one time. These combinations were tested w';h a
patient load of approximately 420 for the two day simulation. The second serlos tested
4 combinations using double the original patient load.

For the analysis of the results, the following five criteria were considered to be
an accurate measure in evaluating the effectiveness of the system:

1. Patients evacuated vs. those ready for evacuation.

2. Average evacuation team utilization t_'.e.
3. Average patient load per trip.
4. Average delay time awaiting evacuation.
5. Average time to arrival at clearing station or hospital.
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These criteria were used because it is necessary to ascertain the following:

1. Was the system able to handle the load generated?

2. If so, did the evacuation teans operate a reasonable number of hours?
3. Did the patient load per trip approach the capacity of the evacuation vehicles?
4. Were the evacuation delsys too great in length?
5. Were any savings In time apparent as the mixes of vehicles zlhsnged?

7. RESULTS

After a thorough analysis of the results, .we found that all systems were capable
of evacuating 99% of the patients. This wtas undoubtedly true because of the reduced
number of patients simulated during the last 18 hours of the scenario and the fact
that very few patients entered the system during the first 12 hour period of darkness.

I

This then left us with the remaining four criteria for continuing the evaluation.
As was previously mentioned, two distinct evacuation systems were operv'oAing within the
model, one from the battalion aid station (BAS) to the clearing station and the other
from the battalion aid station to the surgical hospital. Firstly we consider the aid
to clearing station system, and see what effect air ambulances have on the systen.

Shown in Table V are the results oL using ground evacuation only. Note that during
the two day simulation, of the total of 420 patients simulated, 372 (874) were- destined
for treatment at the clearing station. Across the top of the chart are the total
numbers of ambulances operating within this system and below, the results.

TABLE V

Ground Ambulance System Only

CLEARING STATI) EVACUATION

48 hour system - 372 patients

Ground hbulances

6 12 is18 24 30

Utilization time
per ambulance 26 13 5 4 2
(hours)

Average load per 2.2 2.0 2.0 2.0 2.0
trip

Delay
Awaiting evacu- 0.5 0.4 0.4 0.4 0.4
atioG. (hours)

Time wounding to
clearing station 3.4 3.2 3.2 3.1 3.1
(hours)



As expected, the utilization tize decreases as the nuber of satulances increases.
however. an interestiEZ point is the failure of this pure ground systes to reduce

below 0.4 of an hour the average patient wait tm. However. the average tire to
deliver a patient to the csparing station did lover with an increase beyond

18 mbalacer.

TABLE VI

Air Abulnce Wstem Only

CLaWARG STATION EVACUATION

48 hour system - 372 pat±ents

I I Air Ambulazces

1.~ ~ 4________ 12 4 6181 10

Utilization time
per air =bulance 12 9 5
(hours)

Average load per 2.6 1.9 1.6 1.6
trip I

Awaiting evacu- 0.8 0.2 0.2 0.2 0.2
ation (hours) _

SlTine wounding to J
clearing station 3.2 2.6 2.6 2.5 _j2.5
1hours)

Mhown in Table VI are the results of a total air evacuation net. Again the results
are similar although a further reduction in wait time is apparent through two air
ambulance ct ',ges and again a small reduction in delivery time to the clearing station

is apparent.

Table VII shows the effect of a pure ground evacuation eystem, two combinations of
air and ground, and a pure air evacuation system. As noted, the pure air system out-
performed any combination. This -'s undoubtedly due to the increase In- speed of air
evacuation teams.

The next three tables will now show, in the same sequence as the previous system,
the operation of the battalion aid station-to-surgical hospital evacuation system.

Table VIII shows the effectiveness of a Ground Evacuation System only. Note that

the number of patients entering this system is 48 (13%) of the total patient load
generated.
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TABLE VII

Combined Systems

CLEARING STATION EVACUATION

48 hour system - 372 patients

Combination Air/Ground

6 lmb 6 Ab 6 Amb 0 Amb
0 Hel 4Hel 8 Hel 10 Hel

Utilization time
per evacuation 26 8/19 2/18
vehicle hours)

Average load er 2.0 1.7 /1.5 . 7 /1.5 1.6
- trip

Delay
Awaiting evacu- 0.4 0. 3 0.3 ! 0.2
ation (hours)

Time wounding to

clearing station 3.4 2.9 2.9 2.5
(hours)

TABLE VIII

Ground Ambulamce System Only

SURGICAL HOSPITAL EVACUATION

48 hoLr system - 48 patients

Ground Ambulances

2 4 6 8 10

Utilization time
per air ambulance 43 24 16 11 8
(hours) .

Average load per 1.8 1 1.4 1.4 1.4
trip

Delay
Awaiting evacu- 2.8 1.0 0.9 0.9 0.9
ation (hours)

Time wounding to
surgical hospical 6.0 4.4 4.2 4.1 4.1

(hours)

4
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TABLE IX

Air Ambulamce System Only

SURGICAL HOW ITAL EVACUATION

48 hour syster - 48 patients

Air Ambulances

1 2 3 4 5

Utilization t!me
per air ambulance 29 17 10 5 5
(hours)

Average load per 1.4 1.2 1.2 1.2 1.2
trip

Delay

Awaiting evacu- 1.1 0.3 0.3 0.3 0.3
(htoon (hours)

SobTime wounding to
surgical hospital 3.5 2.8S 2.7 2.7 2.7

(hours)o4

TABLE X

.. Combined Systems

SURGICAL HOSPITAL EVACUATION

48 hour system - 48 patients

Combination Air/Ground

2 mb 2 Amb 2 Amb 0 /mb
0 Hel 1 Hel IQ Hel I 4 Hel

Utilization time
per evacuation 43 12/21 12/13 4
vehicle (hours)

Average load per 1.8 1.0/1.4 0.8/1.2 1.2trip

Delay
Awaiting evacu- 2.8 0.9 0.6 0.3
ation (hours)

Time wounding to
surgical hospital 6.0 3.6 3.3 2.7
(hours)



143

Table IX. illustrating an Air Evacuation System only. shows the increased effective-
ness of two air ambulances over one.

Table X shows :.ombinations of ground and air evacuation systems. Here again, the

addition of one and two air ambulances to the system greatly . duced the waiting time
and time of arrival at the surgical hosp.,!tal.

The similarity between the two systems tested is quite apparent. A logical question
now would be, just what type of air/ground evacuation mix might have evolved from this

evaluation?

Figure 3 shows a possible system using a total of 9 uir and 16 ground ambulzaces,
op6rating frcm three separate locations. This system should not be considered the
best available since many other variations must be tested before a firm recommendation
could be made. The reason that a pure air evacuation system was not considered is
because weather and enemy action may in some cases preclude the use of air ambulances.

We feel as though this preliminary evaluation of the evacuation systems with an
infantry division merely scratches the surface. Additional runs consuming many more
hours of computer time are anticipated. The outlook fcr continued uses with the

models is heartwarming. .uture plans call for us

1. to exwaine the relative effectiveness of the helicopter systems under varying
types of conflicts and intensities,

2. to evaluate helicopter medical sys, -ms in conjunctio.. rith typical armor and
mechanized divisions scenarios,

3. to examine the relative effectiveness of the helicopter systems when locations

or types of treatment installatiors vary,

Surgical
Hospital.

6/
'I -- -- Support

Clearing
B AS.Stations.BA.S.

Fig. 3 A possible deployment scheme



144

4. t: eisidne the effectiveness of the systems when the Iocation and base of

operations of the helicopters themselves ary. and

5. to exmine the utilization and Idle times for various helicopter evacuation
systems using scenarios of 30 days in lergth rather than abort. intensive combat
actions such as was used in this particular demonstratiou

4I

I

I I• • . . •, .
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SUMARY OF SESSION II

by Air Comodore R.O.Yerbury. RAF

It was encouraging to hear of the efforts that are being made In the task of

extending and modarnising the provisiors of the Geneva Conventions. but it is apparent
that we still have a long way tc go. It will be some years before we can hope that

insurgent or guerilla forces, perticularly in under-developed areas, will recognise
the Red Cross.

In the various presentations during this session, we have heard excellent accounts
of the employment of the helimpter in the rescue and casualty evacuation roles in
many parts of the world, from impenetrable jungle to the arid mountain-tops of Arabia.

I was particularly pleased that our Vice Chaiaa raised the all-important question

of Air Superiority. In recent conflicts in which the Western Bloc forces have been

engaged, we have enjoyed a high degree of, if not complete, air superiority. As a
result, this vital factor tends to be forgotten. We must always bear in mind, when
planning operations or deciding upon casualty evacuation policy, that a high degree of
air swperiority is essential to successful casualty evacuation by air on any dppreciable
scale.

During this session we have heard of many advantages in the use of the h-elicopter

as a casualty evacuation vehicle. In general. these advantages were common to all
geographical areas, but I suggest that three of these advantages are outstanding:

(a) The clinical advantage of transporting the battle casualty out of the comvat
area back to a surgical unit with the minimum lapse of time.

(b) The helicopter is invaluable in maintaining the morale of the soldier going
into battle: he knows that should he be wounded he will be transported te a

safe area and into skilled surgical hands with minimum delay.

(c) The ability of the helicopter to extract cisualties from inaccessible locations.

It is apparent that much remains to be developed and improved:

(a) There is tremendous scope for co-operation in researh and development of

equipment associated with evacuation by helicopter.

(b) Communications and signal procedure are all-important and an attempt at some

degree of international standardisation secms desirable.

(c) Ground forces must be educated and trained in the requirements and abilities

of the helicopter pilot when landing In the combat area or in difficult terrain.

I fear it will be many years before the smaller nations will be able to afford to

set aside helicopters specifically for medical use. Nevertheless this must not deter
the medical services from doing all in their power to ensure that. in any operation,

sufficient helicopters are available for casualty evacuation at the right time, at

the right place, and in sufficient numbers.
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RESUME

les Iioe 'vosiviuefx.Lsdfdecssn uniaie

Les potnes inqel pusedu h4licoptires sont era u ~e ye esrss ue I

par sa voilure tournante: la puissance requise 6at par consdquent supdri-
eure et, dans la plupart des cas, le moteur et les systhmes de transmis-I
sion sont situ4s i proximitd de 1' equipage et des passagers, lea bruits,
lea vibrations et la toxicit4 se trouvant ,attdn'~s au minimum. ' Uh~li
copt~re eat une plateforme dont 1' instabilitd relative est un facteur

4 inddsirable mais ins~~parable de la souplesse que lui eat inhdrente. Ceci
pose ci'importants probl~izes d' instrumentation et de stabilisation auto-
matique, probl~mes -qui contribuent dircctement i crder chez le pilot~e
fatigue et d4sorientation. Le poids de 1'appareil eat, au stade du
ddveloppement, tin 416ment plus -pr&ccujpa.-t pour tin avion i voilure
tournante que pour tin appareil A voilure fixe, et peut aboutir & desj
"comprowis" en ce qul concerne lea caraete'riatiqie3 souhaitables, en
particulier, dans lea domaines prisentant tin int~r~t midical. Le type
de vol qui caractirise lea opgrations menies par hdlicoptire - vols en I
rase-motte. vitesse et direction variables - exige du pilote des efforts

plus grands et contribue A crder les stress auxquels il est soumis.I Ces caractdristiques, inh~rentes aux opgrations par hdlicopt~res, ant
pour rdsultat tin accroissenent (1) du bruit, (2) des vibrations, (3) de
ls toxicitg, (4) de la d~sorientation et (5) de la fatigue. Heureusement,
ces mgmes caract4riatiques impliquent tine dur~e d' exposition moindre A
ces stress multiples. L'auteur examiner a particuli~rement ces prob1lnes
dana ia mesure o ilsh affectent lea op4rations par h4licoptbres, et oA
ils peuvent Wte influanc4s par lea conditions tactiques.
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AN OVERALL SURVEY OF HELICOPTER OPERATIONS PROBLEMS

Colonel Spurgeon H. Neel, MC

Has the helicopt;!r created new medical problems? Do we need only apply the knowledge
of fted-wing aviation medicine to the problems of the helicopter?

The answer to both questions is affirmative to an extent, but some explanation is
necessary. Rotary-wing aviators are exposed to the same types of problems or stre-si.
as those flying fixed-wing aircraft but with certein definitive differences. These
differences are quantitative rather than qualitative; and are directly related to the
differences in flight characteristics of the two types of aircraft.

What are these differences in flight characteristics between rotary-wing aircraft

and fixed-wing aircraft?

THE HELICOPTER

Helicopters employ a rotating wing from which is suspended the personnel and cargo

compartment. Contrary to fixed-wing aircraft, the rotating wing must provide both
lift and thrust; hence the helicopter's relatively greater power requirement, and
the resulting magnification of those problems that are directly derived from the
poer source.

The most impressive characteristic of the helicopter is its ability to move

independently (and theoretically, equally) in any of the three axes of motion, or
maintain stationary flight. This greater freedom of motion creates a relatively
unstable platform - to such an extent that instrument flight was initially considered
improbable except under very dire circumstances. Although advances in technology and
training now permit almost routine instrumen,t flying there is still no real trimming
capability as in fixed-wing aircraft and as yet no auto-pilot.

Weight is n more critical factor in the development of rotary-wing than fixed-wing
aircraft, and has frequently resulted in trade-offs of "non-essential" Items of
equipment or characteristics. Unfortunately, these trade-offs are often in areas
that compromise many of the desirable personal protective features of fixed-wing
aircraft, such as sound-proofing materials structural reinforcement, and the like.

The usual ml2itary employment of helicopters requires flight at tree-top level,

("nap of the earth", terrain or contour flying) with varying speed and direction.

This is necessary to reduce vulnerability to ground fire and to increase the element
of surprise. A substantial demand is placed upon the operator at an altitude that
leaves very little margin for error.
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These characteristics reiult in more noise, more vibration, more toxicily, more
disorientation, and more fatigue.

THE MEDICAL PROBLEM

Noise, a by-product of energy, is directly related to the power plant of an aircraft.
Since, pound for pound, helicopters require more energy than fixed-wlng aircraft, this
increased problem nf noise becomes very apparent.

Overall noise levels in Army aircraft have been studied extensively by the United
States Army Aeromedical Research Unit at Fort Rucker, Alabama. The results of their
study of the CH-47A helicopter, clearly indicate the magnitude of the probler we face.
The CH-47 is a large, 33-passenger, tandem-rotor helicopter powered by two gas-turbine
engines, each producing approzimately 2, 200 shaft horsepower at 18,750 rpm St maximum
rated power. The overall internal noise levels during normal cruise at 500 ,ft altitude,
350 psi torque and 100 knots 1AS, have been recorded at l1 dB at positions directly
beneath the forward and aft tran3missiens. In the fuselage between these high intensity
areas, the overall noise levels are 110 dB or greater Octave band analysis of the
noise indicate leveis as great as 115 dB in the 1200-2400 c/s range and as great as

108 dB in the 37.5 to 75 c/s range. The acoustical energy produced within the higher
frequency ranges, especially from 1200 through 4800 c/s, is characteristie !ly inducea-
tive of noise genezated by the forward and aft transmissions and gear-distribution

systems. The lower frequency ranges of 37.5 to 75 c/s reflect noise emanating from
the rotors.

Studies of the single rotor UH-1D helicopter, resulted in essentially similar findings
but at somewhat reduced levels. The noise generated by the rotors is also predominately
in the low frequency range but the noise produced by the anti-torque system is usually
distributed within the higher frequency ranges. Thus, any method designed to reduce
the total noise of a helicopter with main and anti-torque rotor systems must consider
both of these noise sources.

Of equal concern to the overall noise in helicopters in the loss of the noise
defense mechanisms of isolation and distance that are present in many fixed-wing

aircraft. :nglnes on fixed-wing aircraft may be mounted outboard on the wings, providing
distance inulation from the crew compartment. This i not possible in helicopters
because of the engine mounting within or on the fuselage.

7te noise problm is further aggravated by the fact that helicopters are frequently
flown with open doors and wi]idows, again, eliminating any isolation of the aviator

from surrounding noise.

It is readily apparent that ambient noise levels in helicopters exceed the accepted
damage risk criterion of 90 decibel. To reduce this hazard reliance must be placed

upon ear plugs, protective helmets, and, indirectly, the shorter duration of flIght
presently characteristic of rotary-wing aircraft.

The problem of iziternal helicopter noise is not limited solaiy to crewmembers.

Combat troops, carried into battle by assault hqlicopters, will also be exposed to this

same noise, plus one further possible effect that may easily be overlooked - the
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temporary threshold shift. Previously. air movement- of combat troops by fixed-wing

aircraft involve4 movement tu a site nearest their area of utilization. Votce communi-
cation, inflight and upn landiag, was not of imediate concern. However, in a -
helicopter assault the final landing site say changed inflight or mav not be determined
until minutes before landing, In either case. relaying this detailed information to
each member of the assault party is not madeeasier by the high internal noise levels.

Further the delivury of troops to the immediate cibat area, frequently under enemy
fire, requires that forces be imediately reconstituted -rd objectives indentified.

Voice conunication is essential and any loss of auditory acui y resulting from a tem-

porary threshold shift will only add further confusion to the existing situation.

When the problem of communication within the aircraft was initielly studied it was
suggestei that the aircraft intercom system bo augmented with an additional communica-
tion cord extending the length of'-the aircraft. From this each Individual would have
headsets for receiving en route rnd last minute instrctioni. This has not been adopted.
Instead, the assault leader makes use of a hand held blackboard, on which he transmits
appropriate information with generally satisfactory results. The most practical
solution for the problem of the temporary threshold shift appears to be use of dis-

po.sable ear piugs, which can be abando.ned immediately pror to exiting the aircraft.

Vibration has received less attention than the audible sound energies but its effects
upon both the man and machine are no less real. It is generally recognized that rotary-
wing aircraft produced vibration characteristics of greater displacement than fixed-wing
aircraft, and, again, magnification oZ the resulting problems.

Unfortunately, neither the resulting discomfort and fatigue nor their effect on

mission accomplishment are easily measured. However, the adverse effect of vibration
upon visual acuity has been documented. We know that it will reduce an individual's
ability to read his instruments. Further, we know that vibration is maximal during
the critical periods when acquiring translational lift from a hover, and, again, during

landing, when collective pitch is increased and power is added upon nearing the ground.

This effect of vibration upon visual preception assumed particular significe-ice when
the he]Jcopter was modtfied to serve as a weapons platform. It was obvious that merely
hanging armament on a helicopter added little if the weapons fire failed to reach its
objective. Therefore, -t great deal of effort was expended in develop'ng our present
weapons sighting devices: and minimizing the adverse effect of the inherent vibration

on visual preception was if paramount concern.

It is of interest, that vibration may also have a beneficial effect. One study of
helicopter pilots found that they utilize the vibration which they perceive as a
sensory evaluation tool. Seemingly, the modes of vibration preceived can assist the

pilot in evaluating his normal flight patterns during control of the aircraft, as well
as assist in the detection and diagnosis of possible s/stem malfunctions. This is
truly a return to rke "seat of the pants" method of flying.

Medically we can probably do the le3t in this area but will have to rely upon

improved ihock-countings of engines and seats, 1ciireasing the comfort of existing seats,
damplag of tha tuselage walls by insulation, and similar engineering advances.
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Toxicology. long of interest in fixed-wing aircraft is also tagnified in the

helicopter because of its ability to maintain slow, stationary, or even reversed flight.

This allows the helicopter literally to wallow in its ou, eicreta. The engines location

izzediately within the fuselage can contribute further to this problic.

One of the special considerations in this respect is demonstrated by the UH-1 aircraft.

Air intakes for cabip ventilation are located below the exhaust. Although the exhaust

is expelled rearward, the rotor wash is downward, thereby creating a potential source

of contamination, particularly dvring slow or stationary flight. Fortunately. the

introduction of gas turbine engines has reduced the carbon monoxide con'ent of the

exhaust because of more colete combustion but we mast still -nsider the other toxic

products that way be produced by the engine-

A new area of toxicology was also introduced when the helicopter was modified as a

gun platfors. The toxic Azard created by the exhaust gases durin. firitg was not

initially considered significant because of the brisk ventilation as a result of open

doors. However. this was stbsequently questioned wizn pilots reported an odor of

cordite and a visible haze in the cockpit in association with firing, in addition to

occasional respiratory tract irritation and nausea.

As a result, the ArMy Aeromedical Pesearch Unit has teaed with the Air Force

Propulsion Laboratory et Edwards Air hoece Base. California. to exwne the exhaust

gases produced Ly the various types of mnitions and to determine their exact chemical

cceposition and degree of toxicity.

This involves collecting the exhaust of gunpowder end missile propellants under both

laboratory and field conditions. These gaseous products are then analyzed, utilizing

f the high resolution eass spectrometer, gas cbroaztograph a"d infrared spectrometer, and

deteriination made of their concentrations under various environmental conditions.

This project is still not complete but depending upon their results, reapons systems

nay require modification or methods developed for filtering these noxiouz gases from

the aircraft environzent.

Spatial disorientation has long been recognized as a hazard in fixed-wing aircraft.

Again, the helicopter can magnify the problem because of its ability to produce almost

instantaneous changes in any of its axes. Eastwood and Berry. in 1960, interviewed

17 Air Force helicopter instructcr pilots and found that all had experienced one or

more episodes of disorientation. These occurred at night in weather, or under the hood

in simulated instrument conditions. They reported 52 episodes (an average of three

episodes per pilot) and approximately 30% were classified as greater than mild. Another

report cited four helicopter accidents that accounted for 19 fatalities in which dis-

orientation was a najor cause.

The United States Army Board for Aviation Accident Research has reviewed its records

of Army aircraft accidents and identified 36 accidents in which disorientation played

a role. This group comprised only 3.4% of the major accidents, yet they accounted for

30.7% of the fatalities. Concurrent with their review of accident records, 350 heli-

copter aviators were interviewed concerning their disorientation emperences. Two-thirds

admitted exp2riencing disorientation (an average of two and one-half times). Again,

most of these occurred at night or in adverse weather conditions. To avert accidents.



153

they were able to give the aircraft control to another pilot, rely on their instruments

until the feeling passed, or else regain visual contact with the ground before completely

losing control of the aircraft. It is readily evident that the instability of the
platfol* pluz the greater difficulty of instrumentation can overwhelm an aviator' s
capabilities in a very short time.

Adding to this, the operational use of helicopters at tree-top level allows very

lit!;le tolerance for disorientation. This is made even more critical when the operation
involves large numbers of helicoptern in formation flight. Under such situations dis-

orientation in one aviator can invite a massive catastrophe. I will not discuss the
effect of dust, wbite-out, or bubble fogging, but all of these can cause immediate

disorientation and at a very unforgiving altitude.

It is of interest that anxiety is probably a bigger factor than attitude in contri-

buting to disorientation. This can only be overcome by proper and repeated training,

particularly instrument training, to counter its effect. Concurrent ;Ith our concern for
the human aspects, there must also be improvements in present aircraft instrumentation.

All of these problems contribute directly or indirectly to our old nemesis - fatigue.

This should be no surprise since anyone who has attempted to fly a helicopter will

readily admit that it involves l00, flying. 100% of the time. As stated earlier,

trimming is not available; constant vigilance on the controls is essential; there is

increased muscular tonus as a result of the sustained attention: and te low levels

of flight that are imposed tactically all predispose to fatigue.

Unfortunately. it is very difficult to attribute accident causation to fatigue.

However, it is more than coincidence that fatigue appears so frequently as a possible

contributing factor on the accident investigation reports. Certainly, fatigue will

play a role in the "cumulation theory" of accident causation, where a series of rela-

tively insignificant adverse events finally overwhelm the aviator and an accident

results.

Flying hour limits are not the answer to this problem. Although these are a con-

venient measurement of one of the aviator's activities, it ignores the multitude of

other factors that individually are of equal importance, and, combined, exceed the
factor of total flying time.

The answer to this problem is command awareness and supervision of the problem with

the direct assistance of the flight surgeon, op" itions officer, safety officer, and

subordinate flight leaders. I will say no more since this will undoubtedly be discussed

elsewhere in greater detail.

I believe my con-. ts can. be summarized by quoting Marcus Titius Platius, who in
250 BC, stated "Flying without feathers is not easy". Today. "Flying without wings

is even more difficult".
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DISCUSSION

.g Cdr Burton asked about the development of improved instruments and automatic aids

to ease the pilot task in helicopters. Capt. Buckley stated that the H53 is planned
to have a Doppler nay: gatior, system. and anl improved autopilot with a 'hover- coupler'
facility. Lt Cdr Williams said that the Royal Navy Wessex aircraft had excellent
autopilots, primarily intended for use in the anti-submarine role. Lt Col Shamburek
stated that there was a lack of suitable equipment for the light and utility classes
of tactical helicopter. Bri. Gen. Lauschner suggested that integrated display systems

being developed for VIOL aircraft may bring benef'ts for helicopters.

Cdr Nackie asked about effects of noise on helicopter passengers. There had been

complaints from many users, from Royal Marine Commandos to passengers in the Royal
Flight helicopters. On partial solution appeared to be the use of glass fibre 'down'
as insulation. Wg Cdr Watson asked whether there was evidence of long-term hearing
damage in exposed personnel. Lt Col Bailey replied that the US Army was currently
initiating a study on this subject - it was possible that cases of hearing loss would
be detected. Brig. Gen. Lauschner commented that acoustic trauma from small-arms
firing was a much more serious problem. Lt Col Bailey agreed, and recalled Impact noise

levels of 170 dB having been mentioned at an earlier meeting. Capt. Pei"ry also agreed
and stated that in the Army the problem was often one of finding military personnel

tI of adequate experience suitable for flying training who did not have pre-existing

hearing deficit. Col Eberling and Col Neel agreed that the same was true of their
services. Maj. Asdal expressed the opinion that cotton ear plugs, issued to personnel

for use whilst shooting and also whilst flying as passengers, had proved very effective

in preventing acoustic trauma in the Norwegian forces.

Cap-. Buckley asked whether anyone present had experience to offer with regard to the
use ot uia 'ostic aids in helicopters in flight. Capt. Ireland stated that the US Navy
was currently working on a high-background noise level stethoscope.

There was considerable discussion on the measurc-'qnt of toxic contaminants in
helicopter cabins. Lt Col Bailey described a developed hopcalite system for CO neasure-

ment and other techniques for nitric oxides, particulate metal etc. Maj. Asdahl asked

about the use of colour-change type detector tubes. It seemed generally agreed that
they were of insufficient accuracy for most studies, particularly on transient levels.

It was acknowledged that a useful check on the significance of the CO hazard was to

assay HbCO in the blood of exposed personnel.

Capt. Buckley asked for views on body armour. Capt. Mattox stated that the 7 11) 'flak-

vest' had proved reasonably successful against low velocity fragments but that the

laminated ceramic 'Armoured chest protector' was more useful in that it offered pro-

tection against modern high velocity missiles. Ballistic protection helmets were

currently under d0velopment.

1m m m ,
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RESUME

Les informstions visuelles dont dispose le pilote d'h~licopt~re sont
d~crites et examindes. Les problkmes que 1'on rencontre fre'quemment dans
les operations hdlicopt~res sont associds aux aspects visuels de ce genre
de vol. L' auteur insiste sur 1' importance d'un champ v~suel suffisant
dans 1'hdlicoptkre.

La possibilit6 de s~lection et d'entraiiement dons la perception du
mouvement. est indiaude.
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OPERATION OF HELICOPTERS -- SOME VISUAL PROBLEMS

Surgeon Cdr W.A.N.Mackie, Fg-'

Helicopter flight because of its operational role, still mainly occurs close to the
ground or surface of the sea, i.e. in visual contact. Though night and bad weather

flying is now possible by instrumentation, and in some configurations automatically,
the final approach to the hover and to the touch down reqilrei direct visual contact.

cven in sopnlsticated landing areas. From external visual curs the helicopter pilot
must compute his rate of approach tc the touch down point (!.. e. rate of height change,
rate of forward deculeration, amount of heading alteration) to enable him to come to

the hover and then land. In good visual conditions the pilot can carry this out with
little difficulty. However trials of a blind approach to a pad under guidance on a

200 glide path hy BEA experimental unit (Lennox, 1962) on a prepared pad showed that
at breakout, orrors of 150 in heading with 150 ft in azimuth were possible and this

gave the pilot little time to decide from external cues whether to continue or abort

the approach.

Thus, operationally in the field bad-weather and large-scale night flying are limited
at present because of this requirement to use external cues. Similarly, on take off

the pilot must gain the hover, ease the aircraft into forward flight, prevent it sinking

as it comes off the -round cushion effect and avoid obstacles in the take off pathway.

During forward flight over a level surface the pilot sees a phenomenon known to all

car drivers, the apparent flow of statinvary objects, or the surface relative to the

pilot's eye - and these give important ciues to the velocity, direction of movement
and the approach of the vehicle to otber objects or surfaces. In the case of the car

one is normally dealing with movement in two planes; in the aircraft movement and
change of movement in all three planes can be detected.

This phenomenon was first studied in relation to aircraft by Gibson, Olum and
Rosenblatt (1955) who investigated the use nf multiple parallel clues to perspective

in a study of fixed wing aircraft landings. They constructed a series of diagrams to
illustrate the differential velocities at different points of the Earth's surface for
various fields of view relative to the line of motion. Each diagram representing

velocity vectors is a projection of the ground on a picture plane in front of the eyes.

These were later proved by mathematical analysis.

Two points must be made:-

1. Movement parallel to a surfact. gives rise to pure flow.

2. Movement directly towards or away from a plane at a right-angle to the flight

path gives rise to apparent radial movement outwards or inwards to the observer.

A
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If the pilot takes off into the hover he will perceive a radial movement inwards
till the required height is reached. In the hover his visual world must be motionless,
any linear flow means movement either forward or sideways; any radial movement a change

a, of height. As he Poes into forward flight, linear flow increases with speed, his
height relative to the surface giving rise to distortion of the flow. In the case of
an approach, the projection of the ground appears to expand radially from a centre at
the intersection of the approach path with the ground - to reach a maximum between that
point and the horizon and then to vanish at the horizon (Pig.5). In the vertical move-
ment towards a surface, as in landing from the hover, the differential velocities extend
radially, small close to the centre and increasing outward, to about 600 visual angle
from the horizontal to vanish again at the horizon.

The perspective of motion, which is a function of multiple parallax, is one of the
more important clues of helicopter control. Because of their rate values the pilot
learns to react to these by the required amount of control response to carry out the
manoeuvre.

It must be added tbat in addition to motion perspective, other distance clues such
as perspective of size and density and the binocular disparity of retinal images, must
all play a part in the final Judgement of approach to the surface. Without these
additional clues, changes of height, for instance, can be appreciated but exact heights
above the surface may be difficult to gauge. For example, a pilot going into an empty
landing area hit his tail rotor on the ground, normally there were other aircraft or
ground persorel about, this day there were none. For the same reason, flying over
the sea with waves of an unknown height the pilot may be unable to judge whether he is
at 50 ft with 2 ft wavis or at 1000 ft with 10 ft wave-caps. A series of experiments
in which pilots were asked to hover over i grass field as close to a coloured marker
flat on the ground as possible, their estimate of their heights showed a marked varia-
tion, though they all maintained a reasonably steady hover.

It has been noted that many early helicopter pilots did not like to fly above
2000 ft and in some cases complained of vertigo. It is suggested that above this
height the helicopter pilot's rate of motion perspective becomes decreasingly apparent

and that this is why this "break off" phenomena occurs. However, with better instru-
mentation %nd instrument flying practice, the helicopter pilot transfers to the fixed
wing pilot's node of flying.

However, less of motion perspective occurs in the absence of texture e.g. flying
over snow or calm sea. Crews operating from HMS Protector in Antarctica found that
they could not maintain a stationary hover in Whirlwind (S51) aircraft but tended to
land with a lateral movement on the aircraft, usually towards the right, the pilot
having to look to the right side, due to the engine cowling obscaring forward and
downward vision, and in so doing tending to bring the stick across to the right. To
avoid this it was customary to have in the back of the aircraft a drum of waste oil
which was split out over the landing area before touchdown was attempted.

Under certain circumstances at sea clues of motion perspective can give rise to
illusions of movement e.g. a helicopter In the hover in a cross sea, may well be
apparently moving against the swell. The opposite can also happen, e.g. in calm
conditions, in the hover the rotor downwash can set up a radial disturbance of the
sea surface which appears from below and behind the pilot, giving rise to the
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impression that the aircraft is losing height and going backwards. It is a practice
in normal operation of the aircraft in the rescue role for the pilot to watch his
line up, whilst height and ground speed are given by the aircreman in the back.

It is suggested that some accidents have been caused by false motion perspective
clues. A series of crash~s occurred in US Army helicopters that were in night formation.
The formation lost touch with the leader and on breaking cloud a number crashed, - they
were flying over a dark area with a limited number of lights on the ground. It was
suggested that the reflections of these lights in the transparencies, giving rise to a
false motion perspective, led to disorientation of the pilots.

The implications of this important visual clue are:-

i) that pilots during their training are made aware of the phenomenon and the
possible illtsions. Even experienced pilots are unaware of some of the

important approach clues.

(ii) that landing areas should have suitably textured surfaces and, ideally, some
size indication. Obviously a human being is the ideal.

(iii) as the phenomenon is also valid at night, lighting patterns must be dispersed

to allow line up and movement on X and Y axes to be lined up early.

his means that approach paths to a landing platform on a frigate should never be from

astern - as the expansion of the touch down point i.e. the landing platform, only
occurs late in the approach, and appreciation of the rate of c-osing the ship from the
beam, allowing the whole ship's length to be in the picture projective. In practice
the approach from two miles is carried out on 1400 on the bow, with a glide path
indicator set up to give position on the glide path. The helicopter is brought into
the hover close to the side of the ship which is steering 100 out of wind, and the
aircraft moves sideways onto the platform.

Lastly the question of how much does the helicopter pilot require to see must be
examined in the light of motion perspective.

In aircraft with a downward cut off of 420 - 470 from the horizon in a series of

pilots, they were able to use between 32° - 390 angles of sight to maintain the hover
on a ground marker, at hovr heights between 3 ft 6 in. to 17 ft. This agrees with
Sunkes and Pazeras work in a study of helicopter pilots' eye movement when they postu-
lated a minimum downward cut off o! 350 + 'a' where 'a' was the average nose-up attitude
flown by pilots consistentiy in the type, and this should extend from 100 left to
150 right of the vertical eye reference line. However, this gives a very limited motion

perspective. It was found that at approach paths of over 2,o in S.55 aircraft, that the
pilots use their side transparencies when carrying out steep approaches - if necessary
yawing the aircraft to do so. This allows them to look sideways and more vertica Ly -
both leading to an increased motion perspective.

Finally, it is suggested that visual requirements of helicopter pilots must be looked
at in the light of motion perspective - and that suitable test devices could be readily
designed to teach, test and if necessary eliminate those pupils who show a poor response

to these visual clues.
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Fig. 1 Shows the motion perspective in relation to an aircraft flying parallel to the

earth's surface. The ground ahead seems to expand radially from a centre

at the horizon. The ground to right and left seems to be skewed

0"211
-. .. ........... .

/. .\

11111111 J, 30 j 60 9

circle represent the angle between the line of sight and the vertical.
It can be seen that "rom behind the beam position the ground motion seems

to track radially towards another centre at the 1800 position on the horizon

v I
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Fig. 3 Mhe pattern of velocities during level flight. The pilot's view

of
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Fig. 4 Shows the differentdal velocities in movement towards a frontal surface perpendi-
cular to the line of locomotion; i.e. in this case the vertical landing of the
helicopter - the apparent velocities spread radially from the centre to be

maximum at some 450 to 300 angle of sight with the horizontal, but in the forward

moving vehicle any obstruction at right angles to the flight path gives

rise to the same radially expanding pattern
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Pig. 5 Shows the motiout perspective during an approach glide. Note the displacement

of the centre as compared with Figure 1
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DISCUSSION

Ig Cdr korton asked the speaker wether there was evidence that v:1s4 acuity of the
type reculred in the situation under discussion could be Iroroed It trtining. it
important to pursue such techniques if they were effective because it might enable the
initial requirements in isus! st=dards to be relaxed somestmt. Cdr bckie thouabt

that improvesent as possible although he could qucte no figures. Air Cdre Fxwrk
asked about the imortance of binocular vision in helicsit er flight. part!calarly
distance judgement. C4dr Mackie evbastsed that notion pi-allax detection wts a
monocular function, and thought that bi ncalar depth apreciation was relatively
unimpor-ttt.

In reply to a questi on frm Brig. Gem. Laascbcr. Cdr Nackle suggested that one of
the most practical tests of the visual skills reuired in helicoPter f'yng IXs the
skill in car-driving. e7en thcuih the ltter uas a two-diamsional task.
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SUIMARY

A orelininary re-or. is made on the vibr.ition characteristics of a
new French military helicopter, the Sud Aviation 330.

Vibration levels are found to be relatively high by compas-ison with
the S.A. Super Frelon. There is. in particelar, vibration in the
freqcency band of 17.5 to -0.7 Hz.

The high incidence of back pain in helicoDter pilots (87.5% in one
sarvey) is discussed, and mechanisns and treatment are reviewed.

wI
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VIBRATIONS SUR HELICOPTERE

H.Seris et R.Auffret. FAF

Hous avions il y a 2 axis pr&r-entd a 1' Adrospace Medical Panel tine 6tude r6alis~e
stir 1' hdlicopt~re loard &id Aviation 3 210 Super Frelon. Nous envisagions de vous
exposer aujourd'hui un travail identique i propos du SA. 330 h6licopt~re de manoeuvre
destind a 1' Ar~e de Terre. Le prograe d' essais de l1appareil qul nous dtait destin6

ne nous a jusquW i present permis clu' un seal vol de mesures et ce vol a dtd r~alis4 le
- - sanedi 20 mai 1967. 11 ne nous a pas e'td possible de d~pouiller la totalitg des

enregistrements qui comportent plus de 300 spectres. et nous, ne pourrons wous donner
Que quelques risultats fragmentaires, que naus comparerons i ceux relevds stir le Super
Frelon.

Le SA. 330 est tin hdlicopt~re de tonnage moyen (6. 4T). de rayon d' action 400 Kms
270 KaM. Cet appareil permet de transporter 12 commandos et leur 4quipement. 11
existe une version sanitaire capable d' emporter, 6 blcss4s ou malades couchds (;t 4
pass&ers assis. L' 4quipage enfili comporte 1 pilote, 1 copilote, et 1 micanicien.

Il s' agit d' tin hdlicoptire a 2 turblines. d'utne puissance de 1300 CV.

Sigiabons enfin que le rotor toarne & 260/270 tours/minute. qu' il comporte 4 pales
ce qui nous laisse prdvoir une frequence de 17 ii 18 Hz. Le rotor de queue a une vitesse
de rotation de 1300 t pm et compte 5 pales: il generd une frdquence bean coup plus
glevge de 108 Hz.

INSTALLATION D'ESSAIS

Noas ne la ddcrirons pas A nouveau. Elle comporte 6 voles de nesures dont chacune
est const".itue'e par:

1 accdldrom~tre & mutuelle inductance J.222 ± 2.5 g. A CB

Alimentati.ou sur 28 V.

Portease 2000 Hz. D 11 bloc d~modulateur D.5 461 ACE. Ampificatetir W.6 200 SAT
et filtres 0.200 Hz K %

Les tensions 4lectriques fournies par ces chaines de mesares de conception tr~s
classiques sont enregistrds en modulation de fr~qaence au Standard TRIG sur 1'enregis-
treur magn6tique eimbarquable tolana A. 4022.

La bande magndtique comporte en plus des 6 voles de mesures tine voie phonie et des
tops pernettant le ddpouillement auternatique. A la sortie de l interface Z 0000. les
bandes magn~tiques coddes sont traitdes sur 183M 70: 70.
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Par ailleurs. sur enregistreur lecteur Ampex F. R 1300 la bande magndtique analogique
petit btre visionode stir magascope Teleco 15 vojes, los portions Intedressantes mises en
boucles et los spectres de fr~zuence sont analysds par tin qJANECH. 304 et tracds
stir table tragante XY Hewlett Packard: en g par Hz oti en g2 par Hz ce qui donne tine
meilleure repr~sentation de 1' &iergie correspondant ii 1excitation.

Nous avons par ailleurs mis au point des prograes do traitement. i partir des bandes
coddes. Ces programes nous fournissent i la sortie de 1' IBM 70:70: une fonction
d' autocorr~lation, tine densitd spectrale par d~composition en sorie de Fourier, tine
analyse statistique des distributions d' amplitude stir le signal global ou le signal
filtrd.

Cthacune de ces explorations est susceptible de fournir des rensoignemonts intdressants
pour itiger de la nature des processus vibratoires de lear transmission i tre-yers los
messes do systemo home-si~ge, do 1' efficacitd des dispositifs de protection, onfin et
surtout du risque de portuibation physiologique pour le pilote.

Los 6 capteurs sont r~partis en deux blocs de trois correspondent aux trois axes du
tribde de rif4reriwe avion. &~ ce qui ccncorno la SA. 330. trols niveaux oat dtd
enregistr4s: plancher-siige, ce qul pernet d' dtudier la fonction de transfert du si~ge,
plancher-te du pilote, qui rend compte de la transmissibilitd dui systene bvme-siige.

Toutes los configurations de vol ont dtd explardes lora du premier essai depuis la
miso en route des jusqti A 1'atterrissage: pallier virages, transitions VNE ... et ceci
dans los limites do la s~curitd.

RESULTATS

Les premiers d~jpouillements sont int~ressants, car uls confirmornt 1' opinion sub-
Jective des pilotes. Le prototype du SA. 330 que nous avons essayi, pr~sente tin
niveati vibratoire plus tdlev que le Super Frelon. V abaissoment de la fr~quence dui
rotor principal de 20,7 1 17.5 H-- est fort bien ressentie par los pilotos. Nous
avons ddji Pu nous faire tine Idde de la fonction do transfert dit si~ge. Mors que
nous constatiens tin amortissecent du si~ge do Super Frelon stir los axes X et Z, celui
du 330 1 tendance A transmettre int~gralement et parfois i amplifier los excitations
qu'il rogoit. Nous rotrouvons stir le si~ge plus particulierement en Y tine bosse
8 Hz tr~s procho des rdsonnances du corps humain telles qu-elles ont dtd ddfinies
par Dieckman, Goldwan et Von Gierke et que los cxpdrimentatiors de Wisner, Coorman,
Clark, White, Hornicr et Parks ont mis en dvidence.

PHYSIOPArHOGENIE

Los travaux des expdrirnentateurs quo Je viens de citor. la th~se do Sliosberg, les
essais rdalisds A la Rdgie Renault par le Or Tariere et 1'dtude radiologique en cotirs
A 1' H~pital Dominiquie L"arrey A 1'instigation de mon excellent ami, le Professetir
Dolahaye, notis pormettent do prdvoir los effats anatontipathologiques, do ces vibrations.
Il est tin second domaine dont los travaux do Guignard et do Harris et Shoemberger ont
montrd 1' extrnne importance, il a' agit des performances.
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Sur le plan anatomo-physiologizue Sliosberg a dcrit que 87.5% des pilotes d h~licop-
t~re, saint des dorsalgiques. !I fixait le seuil d' apparition des douleurs A Ia 300ke
heure de vol. avec tin rythme de vol de 4 & 5 h. par jour. 40 1 50 h. par mois. Je me
souviens que lorsQue j' ai cit4 ces chiffres V. Le Medecin G&ndral Evrard les a trouvd
tr~s dlevds par rapport A ceux des forces a~riennes Belges. Il pourra peat 4tre nous dire
tout a 1Pheure sonl opinion avec tin 7ecul de 2 ans. Ces douleurs. Wisner les explique
par le r~le d'amortisseur que lea muscles p~rivert~braux sont appelds & jouer. Lorsque
le bassin du pilote est excit6 par tine force correspondant A 0.6 g et que sur la tate
on ne retrouve que 0. 1 g ou momns, ii y a n~cessairement quelqlue part tine ab~orpticn

d' 4nergie. Ceci au depend tie la musculature pdrivertdbrale et des distrze3 iuter-

vertdbraus

Des 4tudes r~centes men~es en France sur le r~flexe n3-otatique et les frO6:uences
d' entr_,inement semblent mentrer q'ie les frdquences de 6 oti 7 Hz correspondent. ncn
point A des frdquences propres du corps en fonction des masses mises en ieu. maisA
un ph4noane intrins~que de rigalation du systime nerveux central. Que .ze soit par
fatigue uusculaire ou par d~faillance du systeme de r~gtilations la musculature p6ri-
vert4brale cesse aui bout d'utn certain temps de Jotier son r8le d amortisseur.

Les vibrations agissent alors directement sur 1'ensemble vert~b-e, disque
intervert~bral.

Ii est hors de do-ate que 1' hyperpression sur la partie antdrieure du disqiie inter-
vert4bral. en position assise surtout avec flexion vers avant est en relationi directe

avac le refoulement vers les racines nerveuses du nucleus puposus. ainsi que Keegani
1' a wontre. Suir le plan du pilotage des hdlicoptires, cette position enrrespond aux
configurations de vol A proximitg du sol 'it de ce f.Az A des piriodes d ampl~tudes
maxitiales des vibrations de trbs basse frdquence.

En ce qui concerne les performances, Guignard a mis en dvidence l action ttdfaste
des vibrations stir la vision.

Harris et &zaenberger ant montrd la d4tdrioration des performances globalis poiur
des vibrations de tr~s basse fr~rience 5, 7 et 11 Hz, en rdgime sinusoldal. oti lorsque
le sujet est soumis A des vibrations irr~g-ali~res.

SIGNES CLINIQUES. EVOUTION, TRAITEMENT

Les manifestations snnt bien connues: douleurs diffuses de I& colonne, qui peuA
peu se localisent dams lea rdgions cervicales, dorsales oti lombaires. Les deriires
dtant le plus souvent atteintes.

Au stade suivantu: la raideur articulaire, lea algies permaneates exsacerbdes par
lea efforts :;u le vol sont la r~gle, accompagndes parfois d'irradiation eciaticjue.

La radiologie met en dvidence tine frdcpuence anormale des d~viations scoliotiques
lrxnbaires et Motntagard signale en outre des signes discrets d' arthrose.

1, 6voltition eat fortction de la cadence des vols, aggravdes par la fatigue, :.es
efforts, le vol A basse altitude dams lea turbulences. Lea douleurs saint calmies per
le repos ou le changement d'activitd.



Stir lplntdaetue exattitudes sont envisager. En D6:iode aigile
les calmants, les curarisants de synthise, la physioth~rapie ainsi Qtie jes manipulations
ver!t4brales et les tractions .jointes au repos aliongd complet, entratnent !a disparition
de phdnom~nes douloureux. Toutefois seul un traitement de longue halelne prot~gera ie
pilate contre les r&cIdives. Il doit 8tre entrepris tris t8t et continu6 pendant des
tiois. En fait tous ces suj eats sont condamnis i la gymnasticrie vertdbrale & perpdtuitd.
V' interruption de celle-ci ne tarde pas ii se traduire par la rdapparition des douleurs
surtout si le pilots continue & voler.

La rdsistance aux vibrations est nettement accrue pa ti one musculature admnl

et pdri-yertdbrale.

PROPHYLAXIE

Il y a lieu 6galement de riduire le plus possible les sources de vibrations dans la
machine elle-m0me. Le si~ge doit 8tre tout sp~cialeuent dtudig et son r~le arvortisseur
est essentiel stirtout dans les tr~s basses fr~quences.

J CONCLUSION

Cette promi~re dvaluation du SA. 330 met en ividence les deux classes de vibrations
relevdes sur la plupart des hdliczjpt~res et avions.

Des excitations de tras basses frdcitences eammunes & tous. dont les turbulences
atmosphdriQues et les Ph*~nom~nes adrodynamiqties sont i 1' cr1gine.

Leur amrtissement est di! ficile i reiliser. II. est impossible d's.baisser de fagon
importante la friquence propre d'utn si~ge sans accrottre ma masse consid~rablement.
La solution d' tn si~ge mont6 stir suspension bydropiteurmatique potirrait ktre envisagee.

Les vibrations de 17 Hz et ati-dessus sont d'origine mdcaniqtie: rotor principal,
anti-couple et appareil moteur.

$Ces fr4Wuences sont aui-dess'js des r6sonnances du corps humain, elles sont moins
bien percues, mais ces vibrations W~en contiennent 1pia mains tine quantitd d'hnergie
importante. 03 a beaucour dtudi6 les vibrations stir 1' axe vertical. Il no fatit pas
cependant otblierqueles excitations transversales s~umette-it le squelette, les ligaments
et les muscles & tin travail en cisaillement qui ne steuble pas n~gligeable.

Une am6lioration du si~ge dans le sens de la r~duction de ces vibrations serait
souhaitable.

Enfin la position du pilote est essentielle, en particulier la commande de pas
cyciqe qi blie:arfois le:il;e & se:ncher en avant et Agauche, en postion

Lesh~lcot~rs ot o-jour pgsetd esniveaux 11rtie lvdi mot
de em~ieren tiex ice ~fat ain lacrotrele comfort des 6quipages et du
persnne traspotd.11 srai scbmitblequeles osgi elstruesvt6
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DISCUSSION

Maj. Gen. Evrard recalled that at Madrid in 1962 there had been a presentation emphasis-

Ing the importance of seating position in various helicopter types; in some the posture
of the pilot would clesrly to likely to give rise to back pain. Dr Seris acknowledged
the differences between them.

Wg Cdr Eley asked about the use of abdominal belts. He had tried the type issued to
French helicopter pilots and found it very comfortable. Is their use mandatory in the
French air force? Dr Seris replied that their use was voluntary. Their apparent
effectiveness probably stemmed from the way in which they allowed the wearer to relax
tension in the paravertebral muscles. He felt that it would be unwise to wear such
belts on all flights, as muscle tone might be lost.

Ng Cdr Eley asked about vibration levels in the Sid 340 rigid rotor helicopter.
Dr Seris replied that he had not yet had an opportunity to make measurements in this
type.

Capt. Perry felt that most back troubles could be prevented by attention to seat and
harness design. Dr Seris agreed. Brig. Gen. Lauschner expressed surprise at the
quoted figure of 80% for back disorders. Was the incidence related to age? Dr Seris
replied that in spite of early suggestions of a correlation it now appeared that the
only group with a definitely enhanced susceptibility was those with a past history of
back injury. There was cosiderable discussion on the value of X-ray examination to
eliminate those with vertebral column abnormalities. Dr Seris stressed the value of
such X-rays as 'controls' before a person undertook helicopter flying duties.

ri
,. I
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FATIGUE IN HELICOPTER AIRCREWS IN COMBAT

by

Captain J.T. Adams, US Army, MC

Dept of Aviation Medicine, LS Army Hospital

Fort Rucker, Alabama 36360, USA
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RESUME

Etude de la fatigue des dcuipages d' h~licopte'res an cours d' operations
de combat an Vietnam. Cette 4tude eat bas~e sur les observations personi-
nelles de 1'auteur. midecin de P air. affectd & un bataillon afrien composd
d' appareils i voitu,-e tournante et intdgr6 i une division de conception
nouvelle quant i 1'utilisation des hdlicopt~res et de 1' Infanterie.
L' dtude comprendra le r~le de la mission, du milieu ambiant, des conditions
de vie, de l'organisation des distractions, des motivations et du moral,
dans la formation, la pr6vention et le traitement de la fatigue physique
et 6motionelle.
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FATIGUE IN HELICOPTER AIRCREWS IN COMBAT

Captain J.T. Adams, US Army. MC

Material for discussion of combat conditions and related problems is largely based I
on experience and as such is rarely statistical in nature, except where compilations
of experience are made. Material will, in the case of the individual, be confined
-ithin a circumscribed frame of reference. Extrapolations made from such information
must therefore be general, and application qualified by realization that frames of

reference are rarely identical. Nevertheless, analogies exist and may be relied upon
to lend a broader perspective where future problems are to be anticipated.

The object of this discussion is to emphasize briefly not only the newer roles in
which the helicopter it being cast in the military context, but to emphasize the require-

ments being placed in turn upon the aircrews. There is now, available experience in

protracted, purely helicopter operations. Application of past aircrew experience I
fixed wing operations is limited, in my opinion, because of the differing employment
of the two types of aircraft. It is generally felt by dual rated pilots that a higher

level of physical coordination and attention, with less opportunity to relax, is

required in helicopter flying.

The frame of reference within which these observations were made is as follows: The
unit was battalion-sized, numbering approximately 550 men, of which approximately one

third were pilots. The unit possessed utility helicopters, utilized in combat assault

and combat support missions. The unit was part of an infantry division designed around
the concept of air mobility. Under this concept troop movements, resupply and medical
evacuation were accomplished by air as opposed to ground movement. The division

possessed two such aviation battalions, plus a third equipped with medium cargo heli-
copters. These in turn provide virtually all transportation to three infantry brigades.

During the initial operations it became evident that the utility helicopters were not
capable of carrying projected loads and thus an additional factor was introduced,
doubling aircraft requirements and flight times.

Nevertheless, this tactical design has proven practical and a second division is
projected; therefore . greater number of rotary wing aviators will be exposed to

similar conditions, and similar health problems, especially fatigue, will be encountered

to the same degree.

The unit was based in a mountainous area, but conducted operations at low elevations
as well. Climatic conditions ranged from subtropical to tropical, with seasons of high

rainfall lasting several months. The performance of the helicopter3 was thus affected,

in turn placing added stress upon aircrews.
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operations listed from four days to four weeks or more. sith intervals of three days
to three weeks. Thbe mission - f the unit was to lift combat troops 'Into ho!stile areas
and maneuver them, at the b&ane tine provi1ding logistical support. reconnairtsaace. and
medical evacuatico. Under sukch conditions aix-crews flew frce 8 to 12 or more hoars
daily throughout nost operations. Excessive times were flown initially and as amch as
35 to 40 hours flight time per individtail accomlated in a i--day period. Scuevbat fewer
hours were flown following the initial deployuent of troors and supplies. Flight tines
averagect SO to 100 hours nonthly, not infreuently exceeding 130 bours. These aggregate
times were flown under coubat conditiors, often at low level. wherein exposure to hostile
fire was continuoue.

z.4-ing conditions durng operations were characterized by a continuous high-incident
nolsi level produced ITy aircraft. generators. vehicles and artillery. Bivouac areas
were generally secure. During the monsoon seasons clothing. bedding and tentago re~iried
damp or wet In the field as well as base caup. Sleeping areas consirted of tents or
helicopters, canvas cots or the ground. Meals wore composed of C-rations or field mess
rations in bivocac. Meals were rarely of high quality and occasicnallb' of qjestionable
palatability. This w-ts a source of constant dissatisfaction.

Recreation "-s limited and consisted of voluntary efforts only. An active volley
bill program was adopted In one company and pr~ovided considerable outlet. A difference
In individual attitude and esprit was notice.4,le between this coupany and its c~sfreres.
Gabling, reading. letterwriting and drinking cceprised the bmlk of recreait-onal
activities. 'Rest and R~ecuperation' programs we-re utilized, but the number able to avail
thenselves of this as lItnited by the shortage of rorews.

Ai4rcrews were generally well mo-tivated. Many of the pilots were quite yourig "~ hW
never flown in combat and this, coupled with the new tactical conce~rzs under which they
were required to fly, resulted in sDome confusion in~tially. Thbe nature of the operations
were such that goals were ill defined, difficult to set and thus sense of accosplishnent

never very high. In turn this was reflected in a morale Thnvel which fluctuated readily
when compounded byadditional stress.

Physical fatigue was a prominent outgrowth of these conditions and seen most often
in older men. Long missions, irregular. ipadequate and a,-ssed meals heightened the
fatigue rate. Base camp labor oetails for self improvement while improving physical
conditioning were usually conducted in additio-n to flying and served to increase physical
fatigue. The high ambient temperatures, poor sleeping conditions and situational stress
of prolonged combat flying in a demanding machine contributed to physical fatigue.

Aircrews tended to deny physical fatigue, making prevention and treatment more
difficult. Prevenztion was predicated upon aggregate flight times recorded first by the
month and later by the week. A chart was kept hr the Flight Surgeon and posted in theIt Operations Center for perusal by the Battalion CO and Company Commaiders. The elective
grounding of aircrew members for prevention of fatigue was encouraged aaong commanders.
This was reinforced by the Flight Surgeon when an individual was notee to be exc~eeding
the acceptable limiizs oi when gross fatigue syuptoois were detected. Only with the
Flight Surgeon' s approval was a pilot aji.owed to exceed 25 hours weekly or 100 hours
nonthly. Precautiona'3 grounding for fatigue consisted of 24 to 72 hours, depenling
on the tactical needs. Consequently, few cases of pure physical fatigue ,gresented on
sitck call and these few were treated with grounding, light duty, and when necessary,

II hypnotics to induce better sleep.



R~ntioal fatigue zas the nore prevalent form of fatigue among aircrews and was
seen primcipally in the youngex age gronp. individuals became irr-itable. arbitrary.
uncooteitive. arre,=entative. hostile or physically tgggessive. Vitbd-aail. emotional
lability &nd even hyponanic states were observed occasionally. indiv'iduals -sere seen

often on s~ck call ith complaints of nervousness. insomnia, nause-a. vomiting. abdominal
discomfort or cramps. headaches. blurred -.Ision. nanorganic parestbz-sias. tremor or
weakness of psycebophysialogic origir.. Several requests for peranent grounding stemmed
from enotlocal fatigue. Increased alcohol consuzption was frequently employed as a=
mean-s of copiag with stress.

The more cc~zon stress factors which complicated emotional fatigue were the organic
effect of a-ati-malaxial drugi. clizate. living conditions. hygiene. iuprope-r and pro-
longed utilization of aircr-aft for non-essential Jobsc, poor food. missed aeajs and mail.
less than optical aircrztt aintenance. and the increased workload juposed upon an
understrength =nit.

Precipitating circumstances in- cases of emotional fatigue consisted of family

problems, marital disruption. peer conflict. loss of respect for authority, feelings

of moderately acute emotional fatigue were seen, eacb case precipitated by loss offls fspotbogto ynw rnhnpo od akL al ~ cae
friend or injuryj of the individual. No acute depresslons or psycboses were seen. and
no evacriation or hospitalization reuir-4 for emotional fatigue.

Preverti-a was difficult *nd measures consisted of early recognition based cn close
contac-t bc.'meen the F1ight Surgeon and pilots. Treatmt was based pricarily upon
ventilation and support. Occasionally hypnotics were necessary, rarely short coursesII on one of the milder tranquilizers. No phenothiazines or J*AO inhibitors were necessary
and no significant aaount of tice -.as lost because of enotlonel fatigue. Several
indivi'iels were permanmently grounded administratively and a latent fear of flying was

suspect In soce of tt'?s3! individuals.

In sumaary, emotional fatigue was core prevalent than physical fatigue. and both
were prcsent to a degree sufficient to warrant constant attention. Considering the

prevalence of fatigue reactions and sycptoms. U aiy be concluded that the preventiveA
measures taken were Justified and served to preclude even greater Iloss of time and
possibly personnel. through severe illness. accident or ceobat loss.

I feel that the incidence of flying fatigue will be higher in purely rotary wingJ

units engaged in tactical operations of the sort described. In order to recognize this.

responsible personnel must be made aware of the problem nd an active program initiated
to seek out -and recognize such problems before they reach the stage requiring prolonged
treatment or hospitalization. When the pi lot population is predominantly young, one
should expect to see a higher incidence of emotional fatigue. disguised often as organic
disease. Physical fatigue will be more prevalent in older age groups whose experience
may protect then from emotional stress.
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DISCUSSION

There was extensive discussiva on the problems of 2easureseft of fatigue and generi I
dissatisfaction was expressed with both flying hours and number of sorties.

Capt- das emphasIsed that subjective asseset differed most significantly --- between
different flight surgeons. In reply to a question fron Cat. Irelmd he could Wot -:rote
a significant relationship between fatigue assessment and accident rates although there
vas a strong impression that the two were related.

Ng Cdr Brtoe quoted the aircrew adage 'the more we fly - the more we want to fly'.
He asked whether the value of gradual build-up of flying intensity had been assessed.
Capt.Adem stated that for Lae unit on ihich he had reported this had becu planned.
but was operationally Impossible. He agreed wih the idea. Col Malone expressed the

need fer a basis of field clinical judgement rather than laborator aeasures. He asked
for opinions on the influence of motivation and 'command presencee . Capt. Adams agreed
with the clinical aproach and mentioned the invortance of confidence which seemed to
go with seniority and have a profound influence on anxiety.

Col Cody stated that in his experience field comandcrs were intensely aware of the
fatigue problem and the importance of junior comiand standards cf leadership. Senior
officers generally flew considerably fewer hours. A first class relationship between
Cow.3nder and Flight Surgeon was essential and he judged that observation by the
Commander was an excellent mesm' monitoring fatigue.

VaJ. Amhl asked whether raised alcohol consuzption was a cause or effect of fatigue.

Capt.Adm replied that he wis unaware of a satisfactory means of differentiation.

Lt Cdr Williams stressed the vital importance of good instrumentation and zutostablisa-
tion systems in reducing fatigue. Cousando carrier practice was,where possible, to
ferry crews back to the carrier after 24 hrs duty at a forward base in order to make
the most of the infinitely better living. and resting. conditions on board.

N&J. Gem. Evrard asked about the offieial US Army policy on the use of hypnotics. Lt Col
ShmWmrek replied that judgement was left to the Flight Surgeon in this field. Brig. Gen.
LauacMer queried whether 24-72 hours grounding periods quoted by Capt Adams were long
enough for recuperation. Capt. Adams replied that they often did not restore a man fully,
but brought hin back to an acceptable level of functional efficiency. Longer periods
were operationally impossible.

WXg Cdr Eley expressed surprise at the ability of combat pilots to &ass 130-140 hrs
monthly over long periods. Was this in part made possible by the use of two pilots o,
all missions7 Capt.Mms agreed that the second pilot helped. but Capt. Ireland remarked
that in a US Navy study it had been found that co-pilots often became more tired than
first pilots. Lt Cul Shamburek stressed the value of the US Army policy of a one year
limit on operational tours in Vietnam. This gave a man a definite target date to work
on. He also mentioned that fatigue was often much worse Li 'lift' helicopter crews

than in 'gun-ship' pilots. The latter perhaps found an outlet for aggression which
relieved their inner tensions, thus reducing at least one fatigue potentiating factor.
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RESUME

Introduzction: S6lection des pilotes - conditions requises.

Dannies sur le PiZote: Expdriezce. formation. ige et, grade.

Principes de 1 'Entrafneexzt: Parsaeties et mdtbodes.

Aperqu du Pragnw=ze: Heures de vol et graduation de 1' entrainerent.

Problxes Rencontre's -z Divers Stades:

-'(a) Vol El~entaire - eiitralnexent sur appareils i voilure fixe et
entrafnenent de base sur appareils & voilure tournate
(sous; contrat civil).

(b) Ebtrainement Avancd sur Acpareils & Voilure Tournante -

entratnewent, avancd et tactli~ue (xilitaire).
(cn~trafnesent Avanc4 sur Appareils i Voilure Fixe -

entraement avranci et tactique (ailitaire).I
3(d) Tendzecces Futures - propositions de 2odifications dui programe.

(e) Points Saillants d'Intdr~t Giniral:

Age des Elaves

Disorientation

Vibrations et Fatiguie

Dangers du Vol & Basse Altitude

V dl~ent humain.

~Cnclusion.
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PROBLEMS OF TRAINING ARMY HELICOPTER PILOWS

Wg Cdr D.Eley. RAF

I. INTRODUCTION

The policy of the British Arav is that its pilot:; should be first class soldiers
with the extra skill and abiity to fly functionally. This is reflected in the
Selection system in that applicants are normally recdred to have had at least 3 years
service in a Corps or Regiment prior to acceptance. After completing the normal PIAF
Aircrew Selection Tests and Medical examinations they are also required to attend a
further Selection Board. which tests their militarybackground and knowledge at the
HQ. Army Air Corps (AAC). Finally, the policy is justified by the specialised Army

tasks that the man is required to perform such as observation and reconnaissance f)r

all arms, arti-.lery. observation and control, and forward air control for fighter
ground attack, et'. After the completion of their training the aajority of pilots
return to their parent Corps or Regiment to fly with in Air Troop, where they will
serve under the command of the CO of the particular Battalion, Artillery Regiment etc.
This tour of duty Till last 2 to 3 years, after which time they return to general
regimental duties in the furtherance of their basic career. Obviously with 300 or 400
heliconters on its establishment and with a very small permanent cadre of the Army Air
Corps there is a continual requirement to train in excess of 100 pilots per year.

2. PILOT MATERIAL

What of the students? They range in rank from Sergeant to Major. in age from 22 to
33 and differ widely also in their military background. nereas some infantry and
cavalry men are experts at map reading, signals operating and at giving orders, these
capabilities might well be almost completely lacking in a student who comes from one
of the Technical Corps or the Pay Corps, for instance. Naturally these latter are a
minority and on a "good" course they are helped along by their more knowledgeable
fellows. It is an interesting point that at the selection stage the NCO's failure

rate is double that of the Officers, but during subsequent training there is little

difference.

3. THE TRAINING POLICY

The training programme A- based on the premise that there is no substitute for time
in the air and also that a minimum of 180 hours flying is necessary before a pilot can
be awarded his "wings". At a maximum acceptable rate of flying intensity this takes
31 weeks of training including one preliminary week of ground school. Vhereas other
countries, such as America and Canada train their helicopter pilots all through on

•,
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rotary wing aircraft, the British AMy piot' s elementary stage of instruction is
carried out on a light fixed wing aircraft, the Chipmunk. for the following reasons:

(a) It provides a stable platform for the acquisition of the basic skills and
techniques of airmanship. navigation and radl operation.

(b) It helps in the early elimination of por pilot material, providing a good
test of co-ordination and Judgement.

(c) It enables a student to master a simple flying machbine at a fairly early stage,
and to thereby gain adequate confidence in his ability in the air.

(d) Tbr Chipmunk can be operated at approximately one third of the operating cost

of a helicopt;r.

One further point to be clarified before discussing the training problems is that
for reascus of economy and continuity both the elementary fixed wing and the basic
rotary flying are carried out under civil contract.

4. SYLLABUS OUTLINE

The averace IV5 hours required to qualify are divided into three phases of
instruction. The first 60 hours are spont in Elementary Flight using the Chipmunk
and developing the basic art. The intermediate stage accounts for a further 60 hours
and covers the initial introduction to helicopter handling. The final 65 hours are
used to consolidate all previous training, introduce the student to the aircraft he
will fly operationally and exercise him in its military uses. In Figure I can be
seen the various stages of training and as I deal separately with the different phases
I will highlight the various problems encountered, by the student.

5. PROBLEMS AT VARIOUS STAGES OF TRAINING

5. 1 Elementary Flying

In the Elesentary Flight th, first 60 hours dual and solo flying is given, as stated,

in the Chipmunk in a 10 week period. Approximately 10% falil to solo due to lack of
aptitude. Other reasons for failure include persistent airsickness and cther medical
problems, some voluntary suspensions usually associated with lack of progress or dis-

enchantment and a very small proportion fail the ground examinations. Nearly 90% of all
failures occur in this initial phase. Experience hes shown that if a student hes

difficulty in learning to fly the Chipmunk it is a fairly good indication that he will
experience difficulty in the helicopter phase later. The conver3e is not necessarily

true. The exercises covered include all the basic pre..solo exercises plus forced

landings, low flying, navigation and map-reading, a few basic aerobatic manoeuvres
and a little instrument and night flying.

In the Basic Rotary Flight after the completion of the Elementary phase the students
fly their next 60 hours, also in a 10 week period, in the Hiller 12 B and C. Here the

course may well be Joined by a small number of experienced "fixed wing" pilots con-
verting to rotary wing. All students, particularly the latter, find difficulty in
using the left hand to manipulate the throttle and collective lever simultaneously to

control the Rotor r.p.m. Confidence wanes at this point and morale drops and here aI
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further small percentage of failures occur due to the inability to rezch the rotary
wing solo standard. It is interesting to note that we have no experience whatsoever
of -irsickness among students in rotary wing aircraft.

During this Phase all the basic helicopter flying exercises are covered and a-so a

lizited aount of instrument flying, night circuit flying and confined area work.

Gradually throughout the phase both confidence and morale are restored.

5.2 Military Flying

Having now acquired a sound basic knowledge and skill the students commence ".tLir
Qapplied flying" stage under military instructors. Tne aircraft used is the operational
type which they will fly "in the field"; namely the Sioux or Bell 47G3 in Advanced

Rotary Flight.

In the Advcnced Rotary Flight the first 12 to 15 hours of dual and solo cover all
the exercises previously flown ip the Hiller. Most students cope adequately with this
but some find the change from one type of helicopter to another very disturbing because

of the difference in the position, feel, movement and response of the controls. Follow-
ing this part, which is really a type-conversion course, the remaining 45 to 48 hours
are devoted to applied or tactical flying. This consists of mountain flying, underslung
load handling, tactical flying, day and night cross country flights, observation and
reconnaissance, artillery control, forward air control, etc. In the final part of the

course the students are taken out on movement exercises with their aircraft, fuel and
other logistics and are required to move across country, night-stopping in the field
and taking part in simulated manoeuvres. This is the culminating period of their
training and incorporates all the various skills and techniques which they have been
taught. At this time one or two students reach a mental saturation point. They could

cope with the pure flying, but when faced with the need to map read, work the signals
net and carry out : task at the same time they find it all too much. This is a kind

of "channel loading" where given a sufficient number of separate problems simultaneously

the mind eventually rejects everything.

After successfully completing this last 10 weeks phase the graduates gain their

"wings". They then go on to their respective theatres of operation where, after 20

hours of theatre training, they join their Air Troops as competent Sioux pilots.

Some ten to fifteen per cent are selected, however, to fly Scout helicopters with
Brigade or Division Flights. These pilots undergo a f.ve week post-graduate course
which is, in reality, a turbine aircraft conversion witb the addition of General

Purpose Machine-Gun (GPMG) firing. Most students find the Scout easier and -moother
to fly but because it is ore complicated and sophisticated they have to cover extra
technical work in the classroom. Also if and when an emergency occurs their reactions

must be very fast.

Advanced Fixed Wing Flight. Following an extensive change-over from fixed to rotary

wing aircraft the small remaining fixed wing contingent of Beaver aircraft has left

only a minimal pilot requirement of 8 to 9 it year. In order to provide these pilots
in future, experienced pilots who have completed a tour of rotriry wing flying will be

selected for Beaver traning. This will include about 30 hours refresher and advanced
training on the Chipmunk followed by 80 hours on the Beaver. In addition to this
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comitment, a 30 hours course of airway and instrument flying t Aining will be given

to Beaver pilots due to be posted to tLe European theatre. Finally a two week
Territorial and Amy Volunteer Reserve refresher course will be given to a few
ex-service pilots.

Future Trends. Some of the known problems of training Army Pilots hAve been high-

lighted in this short talk outlining the syllabus adopted by the School of Army
Aviation. Within the coming 12 months several important chaages are to be made to
bring them in line with changing requirements. More helicopter flying will be intro-

duced at the expense of fixed wing flying. i.e., 145 hGur- ',elicopter and 40 hours
fixed wing. The replacement for the Hiller it is hoped might be the Bell GS giving

an easier step to the Sioux, but the total length of the course will remain at about
31 weeks and the total hov-s 180-5 hours.

5.3 Salient Points of Interest

Having covered the various phases of the course and the student pr;blems that they
raise I now propose to touch briefly on some general points of interest.

Student s Age. In Figure 2 can be seen the influence of starting age on a student's
chances of success. Up to approximately 29 years old his prospects inprove, but over

this age they deteriorate rapidly. Over the age of 32 years the odds are weighted

heavily against him learning to become a safe and effective Army Pilot.

Disorientation. As most of the flying is done at medium or low level little

difficulty is experienced with disorientation. However, at night with a very limited

instrument panel, several cases have been reported of disorientation due to rain or

mist obscuring all or part of the bubble canopy. Another cwise is movement of lights
reflected on the bubble surface or the flickering of navigation lights and anti-

collision beacons reflecting off the rotor blades.

Vibration and Fatigue. The noise vibrecion and mental strain when flyig a heli-

copter is probably comparable with that of a high speed jet. I have discovered that

my instructors and students alike tend to fall asleep for half an hour or so when

they get home in the evening.

Low Flying Hazards. High tension cables are one of the most formidable hazards to

a low flying machine. Bad visibility has bean a contributory factor in some cases,
usually coupled with an over-zealous sense of urgency or a temptation to "get home
regardless". In other cases the wires and/or pylons were made invisible by the

setting or rising sun or the pylons were buried in trees on the slopes and che wires
were slung across the valley between. A warning device is now in an advanced stage

of development; it is capable of providing a warning at ranges up to 800 yds of live

50/60 cycle power cables. This will Pot relieve the pilot of the need to look out but

it will help to put him on his guard. We have had some interesting discussions on rate

of scan, blank spots and the risk of deception by optical illusions. One recent
incident occurred when an experienced flying instructor flew a Chipmunk through the
top of a low 30-40 ft tree standing in a beech hedge of only 10-15 ft but lost against

a background of similar trees. It was winter and they were leafless. Neither the
instructor nor the student in the front cockpit saw this tree until they hit it.
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The Human Element. An important factor which must not be overlooked is that flying
instruction in the air is a one-to-one relationship which depends above all on the
personalities of the instructor and his student. Whereas certain general statements
can be made, the human being is such a complex creation and is subject to so many
variable factors, that success or failure cannot be accurately forecast nor results
analyzed statistically with any great accuracy. Success will depend largely on the
understanding, co-operation and flexibility of the two persons concerned. Factors
such as "motivatior" and "Personal adjustment" should be carefully considered. Some-
times a slow starter with limited aptitude but with patience and dogged determination,
given the extra time and guidance eventually becomes a safer and more effective pilot
than one with aptitude and speed of uptake.

Most students' mental processes are dulled in the air and again the degree of this
can vary largely from one to the next. With time and experience this effect becomes
less but is sometimes the cause of suspensions.

Above all, any undue pressure or personal anxiety can easily slow up a student's
rate of !earning and therefore everything possibole should be done to learn about the
cause of worry in order that it may be elimiiated if possible. A good instructor
should know his students well and adopt his approach accordingly.

Age, rank. title or experience of the world are of little assistance on a flying
course. I. fact it often works in reverse sense, for flying training is a great
leveller and unless the student puts his pride in his pocket he soon falls from his
high perch.

6. CONCLUSION

As most of you here today are pilots you will already be familiar with many of the
problems that I have mentioned. Few of them are new or even peculiar to helicopter

training. However, it is important that they are remembered and borne in mind in any
studies or discussions of this lind.

The discussion following this paper appears on page 187.
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OUTLINE OF PILOT TRAINING

AT
ARMY AVIATION CENTRE.

I BASIC ADVANCED
ELEMENTARY ROTARY-WING ROTARY-WING

AB INITIO '
STUDENTS CHIPMUNK HILLER SIOUX60 HRS 60 HRS 65HRS

IN 10 WEEKS IN 10 WEEKS IN 10 WEEKS

C IL ARMY
CONTRACT INSTRUCTORS

Ist WEEK "WineS

GROUND SCHOOl. STANDARD
CONVERSION COURSES FOR QUALIFIED PILOTS.

Heficopter Pilots converting to Scout - 30hrs in 4-5 woeks.

Helicopter Pilots converthg to Staver -probably about 90 hrs in l5weeks.

Previous Fixed-wing Pilots converting to Helicopters-Hillor and Sioux phaset as cbovo.

Fig. 1 The training scheme
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Fig. 2 Percentage failure rate by age of students. Army Aviation Centre - Helicopter

Pilot Courses. July 1964 - December 1966
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DISCUSSION

Col oogvliet expressed surprise at the number of flying hours thought necessary.

The Netherlands Air Force accomplished its training in less time (80 hours) although

it must be conceded that all trainees were fully qualified fixed-wing pilots. He

asked whether the speaker agreed that jet-turbine powered helicopters like the

Alouette, with no throttle contro] on the collective pitch -'ver Vere easi--r to trainI

crews on. He also enquired about British policy on autorotative descent training and

single pilot operation. Wg Cdr Eley acknowledged the advantages of training on

turbine-powered machines, but this was not possible with current British equipment,

only the more sophisticated types of helicopter being thus powered. In the training

given in the United Kingdom tremendous stress was placed on engine-out training and

subsequent periodic checks of engine-out skill in qualified pilots. Single pilot

operation was an integral part of British practice.

Col Hoogvliet asked for other opinions on the concept of omission of engine-out

training from the syllabus. Mr Bruggink commented that at one stage this had been

discontinued because more aircraft were lost in practice than in actual engine-out

conditions. However, the result had been markedly increased severity in the

accidental autorotative descents, due to lack of skill. Lt Cdr Williams suated that

the Royal Navy, like the other British services, laid great stress on engine-out

training.

Cdr Mackie asked the speaker about the value of instrument flying training on the
Hiller primary trainer. Wg Cdr Eley replied that, with a few added instruments, two
hours per pupil was found a valuable introduction to instrument flight in helicopters.

Col Cody asked whether the speaker could compare pupil-instructor relationships during

the civil contract and service instructor phases of training. Wg Cdr Eley thought

that they were quite comparable, probably because the civilian instructors were, in

fact, all ex-service. lie stressed that he felt it vital tc maintain a good pupil/

instructor relationship during training.

'Ii

S~2
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SNX4!tY OF SESSION III

by Brigadier General Lanschner

During the session devoted to Aircrew Problems in Helicopter Operations specialI

attention has been given to the noise problemid to cert ain aspects of toxicoley
such as nieasuarement of very low concentrations of dangerous, toxic or even
potentially hazardous substances in the cockpit.

Vision zs - roble= in heliccpter operation was discussed very interestingly, the
speaker pointing out the cecss!i of correct intertretation of all risual cues
aTrilable and the LMorta-ce of !he angle of vision. A--other problem area is that
of v-ibra.ion which was demonstrated in soe aspects L. preliminary reports on a proto-
type and ! clinical findings. Sarprisingly high ras ze percentage of helicopter
pilots cowuaining of pains in ihe spinal region.

Ithe dv_'el-6pemt. the characteristics and the imcrtzce of fatigue with special
reference to a flying unit mnder codwat conditions PrGrided an insigbt L- pra-ctical
approaches to rednace or to solve problems or at least to cope urith a girtt situation.
A wal able a ont of experience in the training o helicopter pilots zith a discussion
of the training _et !ds and progra=es gave the opportunity to c apare differe -

vproaches cid to irp-ove existitg methods. stinulating more w-nr on the human ele=ent
in helicopter flying.
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RESun~

U3 h1;iceptLre rtxs-tenps t~ite =~z c;*mE-oizs deo sa-reacg afitaires
on civiles dolt C-re P >able cr efftect-ar des vols proicn&ges e 30m ena
comditicris de gisrregie.

Les hiliccpt~res non ==czis de dis;Ksitifs protecteurs =orr sc~is
cesq limitaties rtris strictes lar-ne 11 sr arit ti' ffectcner *e c wis hemr
i travers des coucZhes mgesses exti-Em3ntc L-fts Le d~maer d.- givraze
cw-situte actcelest ! '=r des pricl! rh~!W afeci=' l~e

-fora tic !eael- ope-ratioz-taI des hie1000t .

L'hlicopire est =Cwet an gir;4e dra mitm. et du rotor. givrsp cui
peut le p1~cer dons m~e sztnatimi~~ee

L'itudeo de ce prcbihae a c~dcesslc4 is reialsztion d' une frstalltion
a o~'on peat saaaetre les -*Ilcaptires AL des essais de gii'ralt daas des
conditioas &- scurftg r-alsot-natieos ;% la fois pear le pesne t
1r iquiperaent.

I UV a-terar dekrit I" installation d e~se-c de givrage psr vwprisatics dzz
National Risea-.db Cemci AL Cttata et Dv~ssat Ins resuatats de Plas de
dix ans de recherches et do deeoppesaens dass le do=nuine des syst Ees
do efigirrage et d' anti-girrage 4r b~licopt~res.
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ICING AND TNE RESCUE HELICOPTEe

T.LRinger, J.l Stailsbrass. R.D.Pr-lce

.INTRODUCT'.ION

The rescue helicopter aust be an all-weather aircreft if it is to fulfil its role.
In Cansda wre hFve a wide range of environental cwaditions with Lbct h id ueather
around the Great Lakes in the =.mer and extremely' cold dry c~aditionis in the northern
r-egions tduting winter. One of the nwre severe environmental ca---itions for all
ftircraft ad in particular for helicopters is Icing.

2. NATURAL ICING

Aircraft Icing occurs wben the aircraft enters an atmostere containing supercoled
water droplets. Then the frontal areas of the aircraft strike these droplets which
are at a teaperature below freezing, the imp.ct upsets the setastable supercooled

zstate sad ice forms. adhering strongly to the surface.I

2.3 Tewierature

%ben moist air is cooled below its saturation temperature, the water vapour will.
in the presence of condensation nuclei. condense to fors a cloud of minute water

droplets. If the air is cooled still further it is found that these water droplets
f do not freeze sponta eously until supercooled well below the equilibrium freezing
2: temperature of water. In the absence of freezing nuclei in the atmosphere. the super-

cooling required for such homogeneous freezing is about 400 C. ice-forming nuclei
cccur naturally in the atmosphere but are rare (in -he order of one per litre) compared
with condensation nuclei which occur in hund:'eds per cubic centimetre (Ref. I).

In theory. aircraft icing may occur at any temperature between O°C nd -40&C in
practite, however, the probability of ever encountering icing of any signific nt
=Terity below abut -30 0 C is e~coedingly small. This probability is illustrated in
Figure 1 which expresses the probability that for a given icing encounter the tempera-
ture will be less than the value ind:kcated. It may be seen that over 90V of all icing
encounters take place a: temperatures above -200 C. This probability pl;it does not
take into account the severity of the icing encounter, which must take into considera-
tion not only t.he te.perature but also the liquid water content of the atmosphere.

2.2 Liquid tater Content and Extent

The liquid water content expresses the concentration by weight of liquid water in a
unit volume of space. The usual unit employed is grams per cubic metre. The amount

L#
I
I
I
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of water conIZ-5ed is a function of the initial humidity of the air and zbe degree of
cooling. T7hus the liquid water content cf layer type clouds In tem-perate latitudes
is fairly low. but the extent of the icing cle-i =wy exceed a hundred riles. To
tropical latitudes where the initial humidity is high and *here ther"al jpcurrents may
carry this moist air aloft some- te=s ol thousands of feet to fors lange cusuloninb-!s
clouds. li~Cud water contents may be very large (!a excess of -1n.) but the hori-
2untal ext.-nt is Waily liiteG. Figure 2 shows the exceedance probability for liquid
'v.ter conm-ent *hile Fiture 3 relates liqutid veer content Ito horizontal extent.

2.3 Droplet Size7

There iJzs a tendency for larger dro]plets to occur in cammloform clouds than in layer
clouds,_ but no v-eri nsrked correlation exists between droplet size and Hlid vater
content. In general. a diameter of 2D microns is accepted as typical for the purposes
of dezign of icing pr-otectIo~n systems. Actual1 dianeterse range from about 10 microns4
to 5U~ microns or larger.

2.4 Types of Ice Fornatioa

The ce hatfors o an frrard-facing surface of an aircraft is often classified

by its appearance and characteristic shape. ThP& usual classifications are:-'

(a) Glaze Ice- Gl-ze ice is charzcterize-d by its sh'My sturae and 1transparency,
ad grows in a double-horn or w.shroos for& tion. It occurs at high teapeklatgres or

with high water concentrations. and because not all the water freezes imeediately on
iapact,. soime of It runs back and freezes on either side of the leadling edge to form
the characteristic double horns.

(b) Intermedicte or "'Gliac" Ice.- This is a form Intermediate between glaze! andZ
rine ice. It has a milky appearance and a shizW surface.

(c) Rine Icc. Rime ice is characteristic of low temperatres and loly water con-
centrations. it has a- s-hite. Painon;t frost-like appearance, and grows with a sharp
leading edge.

All three forms of ice may occur simultaneously at different stations along a heli-
copter rotor blade owing to the velocity variation with radius, and the resultant
variation in aerodynamic 'heating with span.

3. SIiIJLATIIJN OF ICING

3.1 Icing Wind Tunnels

To carry out any systematic study of the nature and Offects of aircraft icing and
to permit the rapid evaluation of various de=_io features in a de-icing system, it Is
essential to be able to simulate and control Ut the laboratory the conditioas conducive

~~to icing. 'This is w~st. easily done in a wind tiei. but not a conventional wind

7tie diameters quoted %re volume medisn diameters, i.e. half the volume of water in a given
sample 's contained in drops larger than the vioted~ va-lue, and half in dr.-ps smaller.
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and Ldto it rinute water droplets have to bp introduced to simulate an Icing cloud.

The cold air say be produced either naturally or by refrigeration. 1the refrigerate-d

icing vind tunnel Is a closed-circuit wind tunnel. In thick,. the aIr is continuorasly

recirculated. At one point in its circuit tab- air pasies through a cool ing heat
exchanger to nadntain it at the desired z~rtr.This type of tunnel has the
advantage of being independent of ambient teaperature. thus permitting year-round
operation and independent control if tunnel air temperature. Being closed-circuit.
such a tunnel may be designed tesimulate altitude (low pressure) conditions. Its
disadvantages are greater cocplexity -%id !nstallati(n cost (including a large

refrigeration plant).

In ethe tye ofwin tunelan iingclod hs tobe rodced Thi isacheve
Iy placing ahead of the test sectioa an array of water spray nozzles. Tnesa sprey
nozzles are usually of the air ati-mizing type of a design that produces a droplet size
dis tributtion representative of a natural icing cloud.

kii-arz 4 illustrates N.R.C. s high speed icing wind tunnel. This Is ar artificiallyI

rafrigerated closed-circuit wind tunnel having altitude capability. Its leading
particulars are. -

Airspeed: 0-1000 ft/sec (Mach 0. ~
Altitude: 0-30,000 ft*1Tepperature: Down to -40PC
Liquid Water Content: 0-2.0 gM/0

Droplet size: 15-40 microns

Test Section: 12 in. x 12 in.

A naturaily coolect Icing wind tunnel requires that it is located geographically Inl

~1 a region which receives an appreciable number of below-freezing days during the year,
so that the tunnel' s utilization for icing purposes is not unreasonably small. Locations
such as Canada and certain upland regions of Europe and the United Stat-es are suitable
for such tunnels. Naturally cooled tunnels are invariably of the open-circuit type in
which the cold atmospheric air is induced in one end, and exhausted again to atmosphere
at the other. This type of tunnel has the advantage of simplicity and cheapness, but
as Zhe disadvantage that no independent control of the air temperature is possible.

4. HELICOPTER ICING SIMULATION

A While an icing wind tunnel is a useful device for the investigation of airfoil,
engine inlet, windscreen and instrument icing, the size of working section required
1-o haidle even the smallest helicopter precludeE- 'At as an economic method of inves-
tigating helicopter icing.

If we consider an open-circuit icing wind tunnel we depend on nature to supply the
refrigeration. If we depend aliro on natural air velocity to move the cold air we can

dispense with almost all of the usual components and in fact all we require is a cloud

forming mechanism.
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In 1953 the National Research Council undertook to investigate the effects of icing
on helicopter flight performance and a stIulation facility was developed for this
purpose. Figure 5 shows the helicopter spray rig located at Uplands Airport in Ottawa.

The spray rig consists of a welded steel framework suppcrting the spray nozzle array.
the stea2 and water supply and drain headers in addition to the necessary instrumentation.
161 stem atomized water nozzles are used to form the cloud which is approximately
70 feet wide and 15 feet deep. The spray rig free may be raised to a height of 60 feet
on a supporti3g -at and rotated to take advantage of any wind direction.

The spray rig requires a water flow of up to 6000 pounds per hour with a correspond-

ing stea flow of 80.000 pounds per hour. Icing cloud conditions of up to 0.9 grams
per cubic meter liquid water content with a droplet size range of 20 to 60 microns
diameter can be simulated.

The spray rig is limited to use between 15 November and 15 garch because of available
temperatures in the Ottawa region. We require a minimuz airspeed of 5 .ph. to msve

the cloud from tbe rig to a hovering helicopter.

Since construction of this facility we hale had helicopters in from Fiance, the 1K

and the US for investigations.

5. ICING OF HELICOPTERS

The main rotor bladL3 may accumulate ice to cover 10% of the chord on the upper and

2% of the chord on the lower surface. The spanwise extent can vary with temperature.

The tail rotor blades also accumulate ice; however, the deposit is usually symoetri-
cal about the leading edge.

The high airflows required by today's turbine engines result in high deposition rates
of ice at the entry to the engine. Build-up rates of % in. per minute in moderate
icing conditions are a frequent occurrence.

Ice will also build up rapidly on the inlet guide vanes ahead of the first compressor

stage. This ice will limit the airflow into the engine, thereby reducing the amount
of power available from the engine. A further effect of this ice build-up is the

possibility of the ice breaking away and being ingested by the engine resulting in
severe damage to the compressor section, which may re.quire the engine to be shut down,
or in the case of a single-engined helicopter, an emergency landing.

6. METHODS OF PROTECTION OF HELICOPTERS

6.1 Thermal

Hot Gas. The availability of quantities of hot gas from turbine engines led to the

investigation of using this hot gas to prevent ice from forming on the rotor blades.

Unfortunately the high heat loss suffered in distributing this gas to the rotor tip

required the temperature of the incoming gas at the root of the blade to be in excess
of the structural limitations.



S
i

197

6.2 Electrical

Heater Pads. Two types of heater pads are presently available - one a woven ire
cambedded in a plastic insulator, the other a sprayed metal element also covered by
plastic. The heater pads are placed on the rotor blades such as to cover the main
icing area of the blade, i.e. 10% upper and 25% lower. The pads are usually divided
into six heated strips, each % in. wide and connected to a common ground retu--n. The
heated strips are sequenced so that the strip on the leading edge of the blrde is
heated first, followed by the adjacent one above, then below, until the f'l complement
of heater strips has been energized. This sequencing reduce- the amount of instantaneous
power required from the generators to shed the ice off the blades. The heater pad on
the tail rotor usually comprises one or at the most two heater strips and these are
enargized in conjunction with the main rotor blades. The entire de-icing system less

*Igenerator usually weights about 90 lbs.

6.3 Chemical De-icing

Chemical da-icing appears attractive for many reasons; first the low weight of the
system wht.- not carrying full tanks of fluid, its simplicity in hardware, and its low
first cost.

The system comprises a fluid tank, usually of a capacity to give one hour's protec-

~tion in icing conditions; a fluid pump which pumps the fluid from the tank to a
distributor at the top of the rotor mast. From the distributor the fluid then feeds

into a series of tubes feeding each rotor blade. A duct running the full length of
the rotor blade has a series of holes drilled through from the leading edge. This
allows the fluid to flow through the holes and spread along the surface of th, blade

leading edge.

The disadvantage of the fluid system Is the weight penalty with full fluid tanks.
This frequently exceeds that of the electrical system and is also duration limited.
A mall helicopter requires between 50 and 80 lbs. of fluid and a medium sized heli-
copter about 250 lbs. of fluid to give the necessary one hour's ice protection.

A reciprocating engine only requires carburetor heat to prevent ice from forming on

the throttle value.

The gas turbine engine, however, requires much more elaborate ice protection. The

I.G.V.'s and front bearing support struts ara fed by hot gas from the compressor
section, shile the engine inlet is covered with a woven wire heater mat which is

designed to prevent ice from forming at all times.

7. CONCLUSION

Whether one uses electrical or chemical icing protection is a secondary consideration.
That some form of icing protection is required for the rescue helicopter should be in

no doubt.

A recent publication in "Canadian Aviation" for March 1967 emphasizes this point.
A number of ice-fishermen were stranded on a breakawy- ice floe on Lake Simcoe, north
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RESUE
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formation adopthes pour aider les dipipapes i abandonfier un hdlicopt~re
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HAZARDS OF OVERTATER HELICOPTER OPERATIONS

Surgeon Cominder I.!.Colley, RN

INTRODUCTION

"Ha7ards of Overwater Helicopter Operations" is too grand a title for what I propose
to outline in the short time at my disposal. The major hazard is. of course, escapa

after ditching, and it may be of interest and value to state simply how we have tried

to ijprove what was a very poor chance of survival by the institution of a training

progrime.

UNDERWATER ESCAPE TRAINING

LikG all services operating helicopters over water, we have come to know by experience

the areas in i.bich difficulties lie in escaping from a submerging aircraft when all

crew members and passengers are devoid of any form of breathing apparatus. But, as

you can guess, this absence of a respirable atmosphere has proved to be one of our
lesser problenis. Possibly the most iw-ptant one to overcome has been the impact on

thit escapee of disorientation, closely followed by the absence of underwat-ar vision

and consequent difficulty in identifying escape exits, and the risk if boily injury

associated with being thrown around against hard melai when unstrapped. (There has

naver been a problem about flotation because of the universal use of a Life Saving

Walstcmat.)

Our first attempts at training all Helicopter aircrew in underwater escspe were

aimed at demonstrating the great ease of onset of spatial disorientation occurring when

devoid of underwater vision, or in the dark. A simple canvas screen was manufactured

enclosing 3 feet of water in the shallow end of a swimming bath, and having standard

escape hatch windows fitted to it: this enab]ed trainees to take a breath, submerge,

be spun around by an instructor to induce disorientatioz, and then try to climb out

through the escape hatch. This was, to say the least, a salutory experience. This
simple device was good as far as it went, and culminated in pupils escaping when

blindf.Ided. But no account was taken of swirling water, and the essential need to
wait until water entry was complete before starting to escape. In late 1959 a more

realistic helicopter "dunker" was built, and finally in 1962 a fully sophisticated

Whirlwind rear cabin was installed in a deep tank at Portsmouth. With the added safety

of underwater lighting, end the extra comfort of heated water, a comprehensive training

period is nc undertaken by all helicopter aircrew, and repeated mandatorily every

2 years. It is a training programme which is enjoyed retrospectively, and has received

unanimous praise from all who have later required to escape in earnest. It is possible

also, that it ha- had a not inconsiderable part to play in increasing chances of

survival.
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A short series of photographs vil best illustrate this current Royal Naval
training procedure.

Fig. I This illustrates the dunker, a mock-up Ihirlwind rear cabin which can be
fitted out with several different seating arrangements. The caLn is attached to a
deep tank (12 foot of water) at the after end by geared spindle, rAd suspended at the
forward end by a gantry crane. In the horizontal position sh6wn here the cabin is a
few inches clear of tb water. On the side of the cabin shown you can see the forward
door and the aft- escape taped window. On the other side there are two windows, one
with a handle and the other taped.

Figs.2 ind 3 show the ducker being swung out ready for the run. You can see the
seat alon:(side thb, after window which the trainee occupies for his first training run.

Fig.4 Here the ran has started with 450 of rotation and some sink being achieved.

Fig.5 This is 900 of x-tation. You can see the escape handle on the aircraft -
the pupil is seated by this after window.

Fig.6 At 1300 the pupil's head is about to go under water.

Fig.7 shows the final position from which the escape is made as soon as water

swirling has ceased.

he sinkage time is only 10 seconds and is related approximately to actuality. The
trainee' s head however does not enter the water until the final few seconds of sinking.
The average time of head immersion is only 5 seconds. Several of these runs are carried
out by each trainee, culminating in dual runs escaping through various hatches and/or
the most difficult of all - the door. Very thorough and personalised briefings are
given by the supervising officer who is a nelicopter observer and trained.Ship's Diver.
and safety devices are stationed strategically in the tank and inside the cabin.
Emergency hoisting can take place almost instantaneously.

No hard and fast "do this; don't do that" rules are laid down, because no two ditch-
ings are ever the same. Possibly the most important lesson learnt by the pupil is to
remain strapped in his seat harness until the main inrush of water has settled, thus
avoiding being swept away and losing the position of the escape hatch. No matter how
disorientated the victim becomes - as long as he waits for motion to cease, he can
guarantee that his escape hatch is still in the same position relative to him. At the
worst, h' is in a better position to use the guide rails to his exit panel.

In summary, we can claim success in this venture from the laudatory comments we
receive from our pupils - and, most important of all, comparing the experiences of
our survivors before and after the institution of this now well established training
routine.

The discussion following this paper appears on page 211.
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DISCUSSION

Lt Cdr lilliami e-dozsed the value of 'dunkin training and eaphasised that the
training device need only be an approximation to any particular helicopter confioration.
Since training had been introduced ditching deaths had been virtually limited to those

injured on impact.

I Blrolmik Cmented that in !rs Army experience a big problem was training crews and
passmgers to renain in helicopters in land accidents until the rotor had stopped
turning. He asked about stability of ditched helicopters. Cdr Colley replied th.t

their flotaticn characteristics- was very vzriable.

Cdr Mackie gave & brief account of two riwent accidents to RN Wessex helicopters. The
first suffered a power loss at 60 ft. 30 kts. On impact one hub flotation bag burst
and the helicopter consequently rotated into the inverted attitude. The diver on
board fractured his leg in the Impact. The crewman escaped unhurt. In the second

incident, which occurred under virtually identical conditions, the pilot exercised
much better control via the collective pitch lever and achieved a very gentle 'splash'.
All buoyance bags inflated and the craft floated with water at the door-sill level.
The tail bag broke after 5-6 silnutes. The main problem was persuading the pilot to
leave the watter - thirty minutes 2ater he was still in the sea trying to fix a lifting
line on his aircraftl Lt Cdr Williams stated that in his experience the rotating main
rotor blades had never proved a hezard to escape on ditching.ii

i~ I
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A HELICOPTER PERSONNEL ESCAPE, PROTECTION

AND SURVIVAL SYSTEM
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RESUME

La Marine des Etats-C-sis a rkcenent d6vontr4d qu ne "cpsule
fuselage" destinee i sauver les occupants d' us h~licopt~re i la cuite
d'av~ries en vol dtait technicqjeuent rdalisable. Elle 1' a prouvd

tld-commandd. Ces ddveloppements ont dt4 entrepris i la suite

Wanue 4tude de la Marine stir les accidents graves et inortels, dont
ii est ressorti que 56% des bFqssures mortelles aurzient pu 6tre
dvitdes grace i tin systime dY abandon d' apparei en vol. et 25% dle ce
cas rnortels ainsi que la majoritd des biessures graves. s! d' autres
moyens de protection - cetre 1'Incendie oi 1' impact - oti desI
dispositifs de flottaison avaient dt4 df-sponibles.

V' auteur exposera les aspects techniues et m~dicaux du programme
zeng par la Marine des Etats-Unis pour mettre au point tin aystime
complet capable d'assurer la survie des occupants Tdllccpt~res.
V' 616ment essentiel de ce syst~me sera la "capsule-fuisel'age"I
cornposde de dispositifs pyrotecbniques destinds i larg~.er les pales
de rotor et les parties dtrang&res du fuselage, et de parachutes i
d~ploiement balistique servant & assurer la r~cupiration de ls
partic occupdA du fuselage. Des si~ge amortisseurs, des dispositifs
d absor 1,t.-on d' dnergie, de prdyention et de lutte contre 1'incendie,
rnontds sur 1'hdlicopt~re, feront 6galement partie int~grante du
syst~me.
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A HELICOPTER PERSONNEL ESCAPE. PROTECTION
AND SURVIVAL SYSTEI I

Since the early days of military flying. methods for in-flight escape from disabled
aircraft have been considered and developed. keeping pace with the inproved perfo.rance
and the increasingly hazardous nissions of the cmbat aircraft. These methods range
from personal parachutes and early ejection seats through fully anto atic ejection
seats to the recent sophisticated escape capsule systea installed In the P-Ill aircraft.

The so--. exception to this progressive develojaent is the helicopter. During develop-
nent of the helicopter. no special provision for in-flight escape from helicopters has
been seriously considered. This probably has been due to the following factors:

1. The autorotational capability of the iieiicoptcr, peraitting power- ,ff. steep
gradient spot landings, instills pilGt confidence in his ability to cope with in-flight
ecerger.cy situations.

2. Mistrust of the effectiveness of personnel parachutes, because the unrtable nature
of the Lircraft and the close proximity of the whirling rotor blades would hinder egress
and preclude successful bailout during helicopter in-flight emergency situations.

3. The low altit-.es flown as compared to fixed-wing operations. (This may be both

a -ause and effect of the above. For example, lack of parachutes encourages low flying
to permit quick landing in the event of trouble; low flying rules out the use of
personnel parachutes. In addition, of course, certain missions demand low altitude
flight.)

4. The inconvenience of wearing a parachute.

5. The c,'mplexity and weight of ejection seats couplei with the problem of avoiding

the rotor blades during ejection.

In Southeast Asia the helicopter has "come of age" as a combat vehicle. It has
established its worth as an extremely important and integral part of limited war

combat operations by its successful employment in close-in attack and patrol missions,
vertical envelopment operations and in dramatic rescue operations in hostile territery.
However, these types of missions have naturally led to increased exposure to enemy
attack by ground fire to which, because .)f the low and slow flight profiles, the hel--
copter is particularly vulnerable. Compared to personnel flying fixed wing aircraft,

on similar close-in support missions, the helicoptnr aircrew have virtually no survival

protection.

~'i,
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TUC IN-FLIGHT ESCAPE PROBLEM

By virtue of changes in missions. the autorotative maneuver is becoming less reliable
as a -Sans to neutralize the personnel hazards associated with in-flight emergencies,

particula~rly at low altitudes. Successful autorotaticn requires hundreds of feet of
altitude t ensure sufficient lift from th rotors and a visual ground reference to
select suitable landing terrain and accomplish the flair maneuver to arrest the rate
of descent Just prior to touchdown. Bit the' requirement for increased speed and higher
payload capability has necessitated advanced blade design and resulted in higher blade

loadings, both of which dictate an increase .in the altitude re :.dred for accomplishment

of the autorotative maneuver. This increased altitude required ftr autorotation is in
direct opposition to the low altitude flight profiles being flown. As the helicopter
has become a combat vehicle, battle damage to the critical parts. (i. e., blades,

* transmission. etc.) required for successful autorotation is highly p -obable. These

factors combine to make very hzzardous reliance on autorotation as the sole means of

combating an in-flight evergency.

THE ADDITIOiAL SURVIVAL PROBLEM

Helicopters do not afford adequate protection from crash .mpacts, fires or ditchings.

The crew seats are designed for 10 g and troop seats designed for less. The armor I
protection hurriedly added as a result of early combat losses to protect the occupant

fro ground fire may actually reduce his capability to survive a crash because the I
added weight of armor, accomplished without a commensurate strengthening of the seat

support structure, his reduced the impact "gg" tolerance of the seat by approximately

one half. The present con:Iguration of fuel cells is inadequate. While the cells
have a self sealing capacity iii the lower portions, they are vulnerable to Armor
Piercing Incendiary and tracer ammunition in the upper vapor zone. The existing cells
installd are eas 'ily ruptured by crash impacts and having no means of fire suppression,

are susceptible to both In-flight and post rash fires.

Pperscnnel survujvirg a helicopter emergency do so only when the crash impact is light,

post crash fires small, or the helicopter floats for a sufficient time to permit the

occupant to escape; s-irvival is N&T due to helicopter design. Advanced personnel safety

and survival aids, required to ensure injury-free survival during emergency situations,

have not substantially influenced helicopter design. It has been concluded that heli-

copters do not provide an acceptable level of injury-free survival during either in-

flight or crash emergencies.

The proposed Helicopter Personnel Escape Protection and Survival System will respond

to this operational deficiency o providing the required capability for high suriiva-

bility for personnel which does not exist In any present operational helicopter.

THE INITIAL STUDY

Realizing that the foregoing was true, the US Navy, in 1961, contracted for a study

of heli-opter accidents to document the helicopter accident picture and to provide data

to guide the design of means to prevent fatal and critical injuries during helicopter

accidents"'. From an analysis of the data on Navy helicopter sccidents for the

ONumerical superscripts designate references at end of gaper.
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period 1952-1960, the study revealed that 90% of in-flight emrgencies occurred at

altitudes between 100 and 600 feet above terrain (Fig. 1) and demonstrated the urgent
need for an escape system which would function at these low altitudes. It was concluded

that the escape system must provide safe in-flight escape following an emergency occurr-
ing as low as 100 feet for maximum "save" capability. Based upon this 100 foot minimum

altitude, it was estimated that 56% of the occupant fatalities (Fig. 2) could have
survived by the use of an advanced type of in-flight escape system. An additional 25F
of the fatalities were estimated to be "candidates for survival" by the use of improved

crash safety and svrvival provisions such as: Impact protection: Crash-fire prevention

and Emergency flotation.

The following three methods of in-flight escape were examined during the study from

the aspects of performance, weight and effect on airframe design.

1. Individual parachute and normal bailout.

2. Rotatable crew ejection seats with horlzontal ejection to clear rotor blades.

3. Capsule escape system.

Individual parachutes were rejected as noL offering the escape performance required.
Ejectable crew seats, while they would provide the best in-flight escape performance
under most conditions, were rejected because of the weight penalty and prohibitive
airframe design complication when trying to save occupants of a multi-crew/passenger
vehicle.

The capsule escape system was selected as the lightest, best performing and most
efficient means of providing in-flight escape. The capsule also affords two additional

mean-ingful benefits:

1. The passengers play a completely passive role and need do nothing to ensure their

survival, and

2. The required crash protective and survival features can be more easily integrated

into the "system" design, as applied to the complete helicopter.

A minimum escape performance altitude oZ 100 feet in hovering flight was determined
to be femsible based In part upon advancements in pyrotechnic initiation and severence
devices, but primarily upon the recent development of Ultra-Fast Opening Parachutes.
These parachutes are ballistically deployed and ballistically spread and, therefore,

their response is rapid and their performance relatively independent of airspeed. The

parachutes can be spread fully in static con'itions.

TEST PROTOTYPE CAPSULE SYSTE1 DESIGN

Based upon the results of this initial study, the Navy set out to conclusively

prove the feasibility of the capsule escape system. In this project, a capsule escape
system was developed for and installed in obsolete UH-25B helicopter test vehicles

configured for remote controlled flight for full scale system testing. The feasibility

of the escape capsule system was proven by three successful in-flight initiations of

the system during March - June 1966. The details of the development of the overall
system and of the recovery subsystem are included elsewhere2' 3.
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The UH-25B system installation is shown schematically in Figure 3. During the drone
tests (Fig.4) the system was initiated from the single source and the explosive energy
was transferred by Confined Detonating Cord (CDC) simultaneously to initiate the rotor
blade Jettisoning and the fuselage severence devices (Fig.5), Xt is specifically
emphasized that these assemblies were structurally intet (no disconnects) and were
severed by Linear Shaped Charge and other explosive devices. Separation rockets were
ignited to insure rapid, positive jettisoning of the unoccupied rear section from the
inhabited prtion or capsule and the rotor blades departed the area (Fig.6). After
a 0.6 second delay to ensure a clear area, four 35 foot diameter parachutes were
ballistically deployed (Fig.7) and ballistically spread (Fig.8) to recover the capsule
(Figs.9 and 10)

CAPSULE FEASIBILITY TEST PROGRAM SUMMARY

Four drone tests were conducted and the system was svccessfully initiated in three.
The initial test attempted was aborted due to drone control difficulties. The following
is a summary of the results of each test. Detailed results are recorded elsewhere 2.

Test Number :2 - conducted on March 31, 1966, was completely successful as shown in
Figures 4 through 10. This test was historic as the first in-flight severence of a
structurally intact fuselage and recovery of a fuselage capsule. The helicopter ras
flying straight apd level at a ground speed of 53 knots at initiation. All subsystems
and components functioned correctly and the capsule was recovered by the parachutes,

at a survivable rate of descent of 31 feet per second, 74 feet below the point of
initiation. The sequence from initiation to recovery required only 2.7 seconds. The
capsule impacted on external energy attenuators (trusgrid honeycomb absoro3r pads)
at a level of 35 g.

Figure 11 compares the oscillograph traces of this Impact with two traces from
previously conducted controlled crashes of helicopters without the energy absorbers
at approximately the same impact velocity. The absorbers were very effective and
attenuated the impact from an expected level of greater than 150 g to 35 g and greatly
reduced the all important "g" onset rate and eliminated "g" rebound. This great
reduction in impact loads due to the pads made further attenuation to acceptable
physiological tolerances within the capability of energy absorbing troop seats. The
experimental troop seat having energy attenuating capabilities shown in Figure 12
was installed in the capsule and functioned properly to reduce the Impact on the
225 lb anthropomorphic dummy to a survivable 20 g.

Test Number 3 was also successful but a very interesting malfunction occurred. The
system was ipi~tated with the helicopter in a 400 dive and at a ground speed of 26
knots in order to demonstrate the capability of the separation rockets to provide
clean separation between the jettisoned aft fuselage section and the capsule under
dive conditions. Attainment of a survivable rate of descent of 45 feet per second

was accomplished 143 feet below the system initiation altitude. The forward rotor
blades failed to Jettison but were stopped by the parachute risers. Though the risers
were shortened by being wrapped around the blades little or no effect in recovery

system performance was noted. The capsule impacted at 32 feet per second and the
impact forces were similar to those recorded on Test Number 2.
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Test Number 4 repeated the previous successes but another very informative mal- l

function occurred. The helicopter was flying at 90 knots ground speed in a shallow
dive at system initiation. Recovery to a survivable rate of descenf was achieved at
187 feet below the systcr initiation point. A riser on one of the parachutes was
severed by a test fixtre and the parachute was lost. However, the capsule impacted
at 34 feet per second with results similar to those noted on tests Numbers 2 and 3.

Tests Numbers 1 and 5 were test failures as the system was not initiated. Drone
control problems during Test Number 1 resulted in a crash of the helicopter on take-
off prior to initiation of the system test. The helicopter was purposely crashed
on Test 5 after vain attempts to initiate the capsule system.

In summary, it cun be concluded that the program was successful and much useful
information was learned from the failures.

The results of Tests Numbers 2, 3, and 4 proved conclusively that the capsule
system could function successfully under varying helicopter flight conditions.

The ability of the system to provide successful recovery within 100 feet from
level or hovering flight was demonstrated.

The tests also demonstrated that impact forces can be attenuated to within physio-
logical tolerances by use of external energy absorption devices and energy attenuating

seats functioning in harmony with each other.

The failure of the rotor blade to jettison during Test 3 was traced to faulty CDC

leads, so also was the failure to initiate the system on Test 5. These failures
demonstrated the sensitivity of the CDC leads to rough handling and indicated that
additiona] protection of these leads must ' )rovided in an operational installation.

The safety and insensitivity of the pyrotechnic devices during a crash was demon-
strated during Tests 1 and 5. Severe impacts, resulting in massive structural damage
to the helicopter, did not cause detonation of any pyrotechnic devices.

The rotor blade jettison failure was informative since this proved that the ballistic
deployment of the parachutes was so rapid that catastrophic parachute failure was
precluded. It also demonstrated the recovery system's relative insensitivity to inter-
ference by the blades.

Survivable rate of descent with only three of the four parachutes inflated was

demonstrated.

THF FUTURE PROGRAM

The US Navy, supported by the US Army technical personnel and numerous private
contractors, is embarked upon a program to design and develop a "Helicopter Escape,

Protective and Survival System" toward operational use In helicopters.

To ensure the validity of the system approach selectea on the basis of the study
of accidents occurring during the 1952-1960 period, a similar study is being completed

i§ j .. .=••m I - i
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of all Navy and Army accidents through 1965. Some preliminary results of the study of
the latest Navy data combined with the earlier data are presented in Figure 13. It

can be seen that the updated statistics continue to support the requirement for means
to provide in-flight escape and crash-safety provisions for helicopter occupants.

The program objective is to protect futtre helicopter occupants from fatal and
incapacitating criticsl injuries despite the nature and severity of the emergency.

This will be accomplished by the design of a true "system" through close integration
of the various required features so that they function in harmony with each other.

The "heart" of this system is the escape capsule but the protective and survival

features are an inseparable part of the system as illustrated in Figure 14.

The following sequence is presented: to illustrate the composition of the Helicopter

Personnel Escape, Protective and Survival System and how it would function in opera-
tional use. The system is illustrated pictorially in Figure 15 as it would appl.y to
a large troop carrying turbine powered helicopter.

Upon recognition of the emergency, the pilot (or other crewman if the pilot is

incapacitated) will initiate the system by a single action that actuates the initiatiou

subsys em.

.'e initiation subsystem, composed of either; detonators and Confined Detonating
Cord (CDC) or a laser and fiber optic transfer network will trigger the severance,

separation and recovery subsystems automatically in the proper time sequence. I
The severance subsystem, composed of Linear Shaped Charge, (LSC) explosive bolts

and explosively driven guillotines, will simultaneously cut the fuselage, jettison

rotor blade assemblies, fuel tanks, and engine pods, as required.

The separation subsystem, composed of rockets and/or thrusters, will impart a
separation velocity between the fuselage (aft section, fuel tanks, engine pods, etc..
as required).

The recovery subsystem, composed of parachutes which are ballistically-deployed and
ballistically-spread and of retrorockets, (used in the case of large recovered payloads)
will be actuated after a time delay to ensure that the jettisoned portions are clear.

The parachutes will be rapidly deployed and spread, to reduce quickly the capsule's
velocity to i survivable rate of descent, or to a velocity which can be reduced to a
survivable rate of descent, by the retro-rocket when sed. The retro-rockets, used in
combination with the parachutes to obtain the most efficient recovery system from
weight and volume standpoints, will be initiated jist prior to ground impact by a
mechanical, explosive or avionic ground sensing device.

It is at this point in the escape from an in-flight emergency situation that the

protection/survival devices enumerated in Figure 14 come into play.

External energy attenuation (EA) devizes in the landing gear and mounted on/in the
fuselage operate mechanically to reduce partially the shock of the impact on the

occupants. The effectiveness of these devices was shown previously in Figure 11.
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Energy attenuating seats (Fig. 12), protective apparel and restraint devices, working
in concert with tk2 external EA devices, reduce the impact shock to an acceptable hu -

tolerance level, provide restraint for the occupants and protect their heads to ensure
an JnJury-free impact.

In the event there are on-board fuel tanks, fire preventive measures (emulsified
fuel and/or impenetrable fuel tanks) and fire suppressive measures (extinguishing by
the automatic inje.tion of foam or inert gas into the tanks) will preclude post-ilpact
fires.

Automatic flotation devices and/or built-in capsule waterwaigha integrity will
ensure capsule bouyancy following water impact.

1

Survival equipment will be available to ensure long-term survival should such be

required.

The protective/survival features, described above will greatly reduce the incidence
of fatal and incapacitating critical inJuries during emergencies initially occurring
in tne area below 100 feet and. therefore, beyond the capability of the in-flight
escape system.

Helicopter and personnel armor have not been mentioned in this discussion but, while

it does not function as a direct part of the escape capsule. 't is of course an inte-
grated part of the total 'Ifelicopter Personnel Escape, Protection and Survival System"
as it offlrs protection against thp fost hazardous and real threat to personnel

survival in combat.

SYSTEM DEVELOPMENT STATUS

The reader should be quickly oriented to the state-of-development of the Helicopter
Personnel Escape, Protective and Survival System and its various components. The

system is actually an integration of m.ny devices whlch have been under development
for some years or are in operational use.

All of the subsy 'tems/devices shown in Figure 14 are in an advanced development

status with two exceptions; the recovery systen and the latest fire prevention and
extinguishing devices adaptable for the system application.

Exploratory development is currently underway by the US Army laboratories and
civilian aircraft agencies to obtain automatic fire suppressive devices. Inert gas
_njection and instant foam devices are being investigated. Also, much work has been
and is being accomplished in the area of decreasing the fuel fire hazard by use of
gelled and emulsified fuels.

The application of ballistic deployment and ballistic spreading to parachutes up

to 72 feet in diameter has ben completed and extensive developmental testing accom-
plished". However, based upon the test results to date, increased efforts must be
expeditiously undertaken to decrease the jperating time of these parachutea and to
match their maximum deployment speed capability with the ever-increasing speeds of

the latest helicopters.



Retro-rockets have been developed for a nltitude of applications but tre Dot in
operaticoal use. It is of naxiau isportsnoce_ In order to obtain the most efficient
ard lightest recovery systen, that 3g retro-rocket systes be developed for the beli-
copter cepsule 3pplication and tested to ensure that high reliability will attained
fxcz both the sen-sing dev.Ice and the rockets. By use of retro-rockets a Tery i~par-
tarit benefit. will be ottlned. If the recovery syustem can be devised to position
quickly the capsole into the retro-fire attitude. the retro-rockets will provide a
greet mount of Impact attetion. even though the recovery parachutes have Insuffi-
cient altitude to function coMletely. In this manner. th'e 'bo am's land!' where
neither the capsule nor the protective devices wul7d be effective. estizated ..o be
40 feet to 100 feet above the terraIn. c= be elizinated.

SYSTEM IMPACT ON NELICOPTEK AIkIL&WE DESIGN

This paper would not be complete withoat a discussion regarding the effect of the
"Helicopter Personnel. Escape. Protective and Survival !systesel Installation c02t~t
h~r'!copter airfrace configuratio zed gross weight.

The systen Installation will not require major modifications to the airfrzae. The
capsule subsystems. writh the exception of the recovery subsystem, will be composed
of --mall. lghtweight components dis*persed evenly throngbout the airirse. A carznory
examination of 4hs mrre3 - helicopters has shown that existing voids will permit
satisfactory lustalition of the recovery systea and that thne other capsule componentsI
can be easily accommodated.

The protective and survival devices can also be Installed with a zmini-i of structure:
change because the largest components, (i.e.. *energy attenuating seats and landing gear)
will be re;:lacenents for currently irztalled itens.

Thus, the preliminary comclusion his been nade that, not only is the ffelicopt r Pro-
tection. Escape and Survival Ibyste= adsot~ble to the majority of US helicopter designs
but that retrof~.t is possible If certain design considerations are acceptedL

Weight added to, a helicopter Is of course a price consideratico in the insta-llatioi2
of any system. U~nfortunately. as helicopters in most cases do not have even so much
as a parachute Installed for personnel survival. a veight penalty will result from the
installation or the system. Preliminary weight estimates indAkte that the coaplete
systes will ino'r-,,se the gross weight by 6-8 percent. The actual increase in gross
weight Is dependent upon several factors. such as weight of the helicopter. nunber of
passengers, mount of structure which can be jettisoned and the type of recovery
system used. The systes weight Is also influenced by a decision as to the acceptance
of a higher recove:;-. system weight In order to recover the cosplete fuselage and
thus enabling tha zi'icopter to he returned to service after minor repair. A reduc-
tion in recovery syster weight can be achieved on the order of 40 percent by use of
a hybrid system of parac~jutes and retro-rockets In lieu of an all-paritchute ree.overy
system.

Thbe final detirmlnation as to whether or not the Increase in helaico~iter gross weight.
*due to installatior of the system, can be tolerated must be made on a systems effective-

ness basis.
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Is the degradation in misalon effectiveness, by virtue of the added weight, offset

by the gains in aircrew safety, in terms of personnel saved, which will result from

installation of the system?

Based upon the accident data, projected into future helicopter operatio3. it is

estimated that the escape capsule will provide the bulk of the "saves" (60-65%) as
it will insure injury-free survival when initiated at 100 feet in hovering flight,
at lower altitudes with forward speed present, and will perform throughout the ever-

increasing speed regime of the helicopter. The balance (35-4r) of these saves will
result from the ability of the Prrtective and Survival Group to reduce the fatalities

and critical injuries now occurring during crashes by attenuation of the inpact "g"

levels to vithin human tolerance and by eliminating post-crash fires and drownings. I
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Fig.4 UH-25B in remote controlled flight. Fig. 5 Capsule system initiation

Fig.6 Fuselage and rotor blade jettisoning Pig.7 Ballistic deployment of four
35 foot aiameter parachutes
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Fig.8 The parachutes ballistically spread Fig.9 Start of capsule recovery

Fig. 10 Recover,
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Fig. 14 Subsystem/compor ent make-up of Helicopter Personnel Escape, Protection and
Survival System
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CRASe INJURIES IN US AR Y HELICOPTER ACCIDENTS

Capa. n F-LYattox. IS Ar-y. MC

INTRODUcTI ON

With the e=ergen of the tactical airmobility concept. the 4 x.cnder has becwn
'- iied with instrumnets of rjrtica! envelo ent. In US R- y avaatioc, this is A.w
cst c= ylY acctplished with rm r wing aircraft.

zith agroxinatel 8000 rotary wing aircraft and 10.000 pilots in its inre=tozy.
the experience of the US -Am h helicopter operaticas is the wst ev--=sve in zhe
free world. Intensive training rejiretnts. -nap of the "- hr" flyiag, and gn
.ncreased exposure to hi.zards. unfotnuately resalt in =Ish-_v e incidence of these

accidents and the associated injuries ae the subject of this Paper.

7he United Stztes A. Board for Aviation Accident Pesearch (SSAWAR) locaed it

Fort Fxcer. Alaba, is the Axr' s repository for world-de ar aft accident
data (AR 15-76). T1be date presented. here are taken from o;eratioca3 =ajor and niar
accidents (as defined by AR 385-40) exclusive of the Republic of Vietnan. for the tize
period 1 jnsuary 1961 thru 3 June 1965.

DISCUSSION

Correlation of accidents in Ar-W helicopter experience to injuries incurred ie then
requires an analysis of the operational envelope. Most M Arm aircraft fly in and

out of confined areas at relatively slow speeds and low altitudes. Operational areas
are frequently complicated by wires. trees. towers, and rough terrain at the landing

site. Helicopters are not equipped with ejection seats and because of the altitude
and nission flown. patrchutez are rot worn by the aviators. US Argy helicopters
operate in an ei.:irc=ent +hat nears the extrene both in density of traffic and opera-
tional terrain. Therefore. although the helicopter has the capability to "autorotate"

in case of ;--ibgt emergency, the aviator nust always 'ride the helicopter ia".

TABLE I

US Arzy Helicopter Accident Experience

r--I ISFzsca! Year .,q, - Rteo Hours

[ 61 I  28.1 5557,.409

62 37.1 603,90563 35. 8 619.463

64 28.1 717.464
65 22.7 842. 309
66 15.7 1.014.821

Rate = Number of accidents per 100.000 Llurs.
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Since the organization of USA&RAR and the increased coand eophasis on aviation
safety. the Army's aircraft accident rate per 100,000 flying hours has decreased.
(Fig. 1.) Considering the number of takeoffs and landings in helicopters, although
not ideal. the present accident rate. 15.7. is not necessarily excessive and compares
favorably with the Aru s fixed wing accident rate.

TABLE II

Accident Incidence

Accidents Total I &rv. 1yonsurv.

Number 756 718 38
With Injuries 289 (38 ) 251 (35%) 38
Without Injuries 467 (627) 467 (65%) 0

These figures include total =ajor accidents both survivable and nonsurvivab..
Injuries are not usually incurred in incidents, forced landings. and precautionary
landings &=d are therefore not included in these figures. Although the margin between
a forced landing and a najor accident is frequently the pilot's skill or the availability
of suitable terrain for landing, the fact remains that injuries are infrequent in other
than =Jor accidents.

TABLE III

Oc-uants of Helicopter Accidents

Total Surv. Nonsurv.

h ber of Occupants 2187 2068 119
OccumtW!Injuries 527 (24) 402 (20%) 119
Occupents Wo/Injurfes 1666 (76%) 1666 (80%) 0

There was n average of thre'! ccupants per elicopter accident with 24% of the
occupants -eceiving injuries of at least a ieAsor degree. There were a few miraculous
escapes in nonsurvivable accidents (i.e.. thrown clear of aircraft just prior to impact),[o received major. but non-fatz! injuries.

TABLE IV
Fatality Experience

Total Srv. Nonsurv.

Accidents 756 718 (95%) 38 (5%)
Fatalities 149 33 (22%) 116 (78%)

It is noteworthy that 95% of US Army helicopter e'-idents are classified as survivable.
Survivability is determined by the flight surgeon investigating the accident and by
USABAAR after an analysis of crash forces, cockpit deformation, and post-crash conditions.
An accident may be survivable for one occupant and nonsurvivable for another. In general,
the determination is not difficult - that is, very few accidents fall into the "gray"

area of borderline hunan tolerance.
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Theoretically, there should be no deaths in survivable type accidents. When deaths
do occur in these noncatastrophic type accidents, they are most usually due to a
failure, lack of use, or inadequacy of restraint systems or personal protective
equipment5.

TABLE V

Change in Fatality Experience

1957-1960 1961-1965

Survivable Accidents 97% 95%
Fatalities in Survivable
Accidents 46% 2276"

Primary Cause of Death in
Survivable Accidents Head Injury Burns &

Complications

Although the incidence of noncatastrophic accidents has not significantly changed
since 1957. the percentage of deaths occurring in these accidents has been significantly
reduced'. The following factors have contributed to this reduction in mortality:

(a) Increasing emphasis on crashworthy aircraft design. including cockpit deletbaliza-

tion.

(W Improvements in the restraint system (including seat. seat attachments, lap
! belts and shoulder harnesses).

(c) Increased emphasis (supply, c,mand, ard individual) on adequate personal
protective equipment -most ntably the protective crash helmet.

(d) More rapid medical evacuation and treatment of critically injured occupants
both in the training and tactical situation (especially the use of the medical

evacuation helicopter).

(e) Increased aviator acceptance on use of signaling and survival equipment resulting

in early rescue and/or self-treatment.

TABLE VI

Degree of Injury in Survivable Accidents

Occupants 2068
No Injury 1666 (80J%)
Minor Injury 245 (12%)
Major Injury 124 (6.5%)

[ Fatal Injury 33 (1.5%)

Even though noncatastrophic US Army heiicopter accidents expose the occupants to

relatively high decelerative forces, the number of occupants injured in survivable

accidents is relatively low. When injury does occur, the degree is minor in the
majority (61%) of mishaps.

3 .
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TABLE VII

Injury in Survivable Accidents

Wounds (Lacerations and Abrasions) 427 (60%)
Fractures 119 (17%)
Burns 62 (9%)
Sprains/Dislocations 53 (7%)
Misc/General 16Environmental (exposure, etc) 12

Multiple Extreme 10
toncussion 8

Injury type. severity, locations, etc. are analyzed principally in survivable
accidents for the following reasons:

(a) Injuries in catastrophic, high G force accidents usually involve every body
system (multiple extreme) and are quite often complicated by total body burns.

(b) Nonsurvivable accidents result n fatalities to the occupants except ii; extremely
rare acts of fate. It would be impractical, if not impossible, to design aircraft or
protective equipment to prevent voilent death when the decelerative forces are excessive-

e.g., loss of a main rotor above 50 feet.

(c) Analysis of injury profiles in survivable accidents gives the designers of

personal equipment and aircrit structure guidelies for reduction of morbidity and
mortality in these occurrences. Aviation Safety and Engineering Research (AvSER).
a branch of the Flight Safety Foundation. working under contract with the US Army and
other aviation agencies, has developed e aircraft designers guide . This handbook
summarizes known information useful in building crashworthiness into aircraft. This
concept has already been applied to some US Army aircraft with gratifying results.

(&) Specific injury patterns in nonsurvivable accidents are meaningful primarily
to the aviation pat'iologist and accident investigation team in correlating the specific
events of a specific accident. Tabulation of injury patterns in these catastrophic
accidents loses its application as it becomes a list of massive injuries to all body

systems.

The three most common injuries in survivable accidents are lacerations, fractures,
and burns. The most common major injury is an open fracture of the tibia. The
etiology of this injury is usually involvement with structures in the nose of the

helicopter, most commonly the radio console. Attempting to exercise maximum control
during the split seconds of the crash sequence, the pilot has his feet firmly on the
anti-torque pedals. The greater the forward velocity, the greater the crumpling of
the forward aircraft structures which then impinge on the tibial area. The resultant
level system results in fractures from both contact and decelerative forces, while there
are lacerations both from broken boaes and contact with aircraft structure.

II



239

TABLE VIII

Body Injury In Survivable Accidents

Upper Extremity 156 (22%)
Lower Eitremity 144 (20%)
Back 92 (13%)
Head (exluding face) 78 (11%)
Face 75 (10%)
Thorax 60 (8%)
Generalized 40 (6%)
Abdomen 21
Neck 25
Pelvis 6

Excluding the back injuries, the most common body locations for trauma in survivable
helicopter accidents are those parts of the body most distant from the restraint system.
This peripheralization is due in part to the flailing which is present whenever the

decelerative forces are greater than mild (greater thn 3-6 G' s).

The back injuries range from simple cuts and bruises, "strain" in the paraspinous
muscles to compression fractures. This injury is usually attributed to a high vertical
impact force and sudden flexion/extension moments.

TABLE IX

Cause of Death in Survivable Accidents

Burns and Complications 10 (30%)
Multiple Extreme a (18%)
Head Injuries 5 (15%)
Hemorrhage and Shock 3 (9%)
Heart/Great Vessel Trauma 3 (9%)
Hemopneuothorax 2
Chemical Pneumonia 2
Drowning 1

TOTAL 33

Although death is infrequent (1.5%) in survivabl6 accidents, theoretically it should
not exist. Thermal hazards not only contribute to the cited mortality, but also, as
indicated earlier, have a considerable morbidity in survivable accidents (9% of injuries).
This morbidity is especially significant when the extensive treatment period and probable
loss of an aviator from flying duty are considered. Fire damage to property and aircraft
loss are furthermore significant .

'he other cuases of death are not statistically significant when considering the
sampling. Although there is frequently a mental image of generalized massive trauma

when one considers a fatality in a helicopter accident, multiple extreme injuries are
rare in almost all survivable helicopter accidents.
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TABLE X

Caive of Death in Nonsurvivable Accidents

Multiple Extreme 72 (62%)
Head Injury 17 (15%)
Burns and Complications 17 (10%)
Heart/Great Vessel Trauma 9 (8%)
Spinal Cord Transection 4
Generalized Hemorrhage 1
Hemopneumothorax 1

TOTAL 116

Although nonsurvivable helicopter accidents are infrequent (5%), 78% of the desths
occurred in them. The causes of death in these catastrophic impacts are listed for
academic interest. The multiple extreme injury is the most frequent. usually involving
most body areas, systems and injury types.

TABLE XI

Helmets and Head Injuries In Survivable Accidents

Occupants with He-I Injury 153
Fatalities from Head Injuries 5
Helmets Lost at ImpaLt ! 41
Head Injuries Due to Helmet Loss 35
Helmet Prevented Injury 59

Although death in ,;urvivable accidents is rarely attributable to head irjury, there
is quit( a morbidity associated with this trauma.

The protective helmet (APH-5) was made an item of US Army aviation issue in 1959.
Since that time head injuries, morbidity and mortality have been reduced drastically2 .Nowever, when the helmet is improperly fitted or improperly worn, it is frequently lost

during substantial impact, especially in helicopter accidents3 . Injuries are frequent
(85%) when the helmet becomes dislodged at impact. The five fatalities from head
injury either lost their helmets at impact or were wearing no helmet. There have been
a few head injuries received because the aviator removed the helmet prior to evacuating
the wreckage (after impact). A victim of habit, he received lacerations from jagged

structure.

TABLE XII

Head Injury Type in Survivable Accidents

Wounds (Lacerations & Abrasions) 125 (73%)
Burns 25 (14%)
Concussion 8
Fractures 6
Miscellaneous 8
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Simple lacerations occur most commonly and are usually in the range of 1 to 3 inches
in length and 'A to 1 inch deep. Burns are not only disfiguring, but as the nose and
mouth are portals, inhalation of flames results in respiratory burn which may lead to

a pulmonary death. Wounds and burns can be classified as injuries secondary to contact

whereas concussion and fracture are functions of impact.

TABLE XIII

Head Injury Location in Survivable Accidents

Superficial Deep r Total
Structures Structures

Face 81 (56%) 2 (13) 83 (52%)
Frontal Area 22 (15%) 2 (13%) 24 (156)
Occipital Area 11 (7%) 0 11 (7%)
Parietal Area 7 1 8 (5%)
Temporal Area 6 2 (13%) 8 (5%)
Ears 7 0 7
Chin 5 0 5
Lips 5 0 5
Brain 0 4 (27%) 4
Basilar Area 0 2 (13%) 2
Nasal Area 0 1 1
Mandible 0 1 1

TOTAb 114 (91%) 15 (9w) 159

The most common head injury is a simple laceration of the face. Ninety-one percent
of head injuries in survivable helicopter accidents are superficial. These most commonly
are minor wounds and have not resulted in any mortality. Deaths from head "njuries and
significant morbidity a'e produced when there is trauma to deep structures. There have

been no fatalities secondary to fractures of the facial bones. Deep injuries to the
occipital area have not yet occurred in survivable helicopter accidents.

TABLE XIV

Back Injuries in Survivable Accidents

Fractures 42 (46%)
Wounds 33 (36)
Sprain/Strain 17 (18%)

TOTAL 92

Back injuries in survivable helicopter accidents are classified as fractures, wounds

(lacerations. etc.) and sprains/strains. Recovery from skin and muscle trauma is
usually relatively rapid, whereas compression fractures can produce long t-t~m morbidity.

TABLE XV

Vertebral Fractures in Survivable Accidents

Cervical 1
Thoracic 14 (33%)

I Lumbar 26 (62%)
Sacral 1

TOTAL 42

[1[
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Since the introduction of the low silhouette type helicopter, there has been an
increase in vertebral fractures due to the generally high vertical decelerative forces
and the absence of crushable material between the pilot and the bottom of the aircraft.

With increased emphasis on honeycombing, seat structure collapse at "G" forces just
short of those which would produce spinal injuries, and other crashworthiness engineer-

ing features, such morbidity can be reduced to a minimum.

Spinal fractures in survivable helicopter accidents most frequently occur at the low
thoracic, high lumbar area, where the curvatures of the spine are the greatest.
Thoracic fractures might be postulated, to be a function of posture, whereas a lumbar
fracture is probably more a function of decelerative forces.

CONCLUSIONS

Ground impact varies from a hard landing during an autorotation to severe decelera-

tive forces encountered during uncontrolled contact with the ground. In spite of the
relatively high exposure to injury, most major helicopter accidents are within defined
human tolerance limits5 '6

Stated simply, morbidity and mortality in noncatastrophic helicopter accidents can

be reduced if:

(a) The inhabited area remains relatively intact,

(b) The occupants are restrained in this "livable" environment.

(c) There is energy absorption by the aircraft structure through use of design,
honeycombing, load limiters, etc.

(d) There is energy absorption between the vital body structures (torso, vertebral
colurmn, and head/neck), and the impact points. Helmets, seat structure. etc.
participate in this attenuation.

(e) Post-crash fire hazards are reduced through the fuel containment (crash resistant
fuel cells and emulsified fuels), fuel cel, location and thermal protection
(fire retardant flight suits, etc.).
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DISCUSSION

There was considerable discussion on the problems of meeting the generally accepted

requirement of a universal-fit protection helmet for passengers.

Lt Cdr Williams stressed the Royal Navy's belief in the inherent advantage of twin-

engine craft and Col Cody commented that this, too, was the policy of the US Army.

On the general topic of sophisticated escape systems Brig Gen Lauschner pointed out t:at

the low injury rates quoted by Capt Mattox might make it very difficult to convince

financiers of. the need for such systems.
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RESUNE

Les cbsnces de sur-tie an cours d'un atterrissage fora4 dans dezs can-
ditions bostiles reposent. pour une grande part. smr 1' aptitude dui pilote
i utillser i des fin-- d'absorption d' inergie les parties de ia structure
de 1'apparell dont on peut se dispenser pour is survie. V airodymniqae
de P b4licoptire et ses caract&L-istiques structurales - cn particulier
ia r~pzrftition des dii&ents de I& structure dont on pEic se dispenser
autour de la surface occepie par Ig pilote et les passagers - prescrivent
une technique diaaftriement diffirente de ceile qu-e 1' exp4rience a, con-
fl'rmie pour les a~areils E, voilur- fize. Alors que le pilote d us aa'lon
i t-,ilure fixe pent ccntrfller sa vitesse de descente. le pilate &i un
h6licoptire pent contrOler sa. vitesse d iwez& arec le -4ol; alors wue les
4l1sents structuranx dont on vent se dispenser. ear im appareil it 7oilare
fixe. sont plus particuli~rezent eptes 16 arr~ter un mourezent vers
1' avant. ces z~aes 4l1.ents. sur un hcdiicoptire (en particulier le rotor)
se pretent davantage i 1' amortissement d! un impaut vertical. 1: auteur
itudie la technique optimale d' atterrissage forcd sur les hgiicopt~res
modernes i silhouette basse: cette technIcue a &Ic m-ise an point par le
Conseil de i* Arzie de Terre US pour les FzQuetes sur Accideuta Adriens
(US Armw Board for Aviation Accident Research) sur I& base. d' uwe par.
de 1P expgrience acquise dans le donaime des accident. d' sutre port.
d essais vraie irandear.
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EIERGENCY LANDING AND DITCHING TECHNIQUES
IN HELICOPTERS

G. Eruggink

I. CRASH SAFETY CONCEPTS FOR PILOTS

:I Geoeral

A pilot needs some understanding of the cbzanics of cr,-sh injuries if be is to
afike the wisest decision in a forced !anding situation that looks grin at best. The
fU.llowing discussion is intended to give this understanding without getting involved

in the aedical ad engineering aspects of the rubject.

Crash injuries, like aircraft dagme, are the result of the violence generated by
sudden stoppage. 7hese injuries fall into two broad categories:

a1. outs-t itJries, resulting fron forceful contact between the occupant and
e-vironaental structure. This is the most coon form of injury during forard decele-
rations, when the occupants do not use an adequate restraint system (seat belt &id
shoulder harness). Injuries caused by loose objects in the cockpit/cabin area also

fall into this category.

2. Decelerative injuries. Although all contact injuries involve a deceleration
process, the ter3 "decelerati.e injuries" is generally used to indicate bodily danage
resulting solely from loads directly upplied through the occupant' s seat and restraint

system. They affect the body internally and one of their characteristic forps is the
spinal njury during vertical decelerations (excessive positive G). Internal injuries
caued by seat belt impact in the lower abdozen may occur during severe forward decele-
rations, especially when the seat belt is not properly installed or used. (-NTrE: The

seat belt should cross the hips at about a 450 angle and the buckle should be wcrn as
low as por ible. so t.hat decelerative loads are applied to the hip bones and not to
the soft abdominal area.)

Injuries resulting from post-crash complications form a separate category. Fuselage
distortion and final aircraft attitude may interfere with the timely evacuation of the
wrecksge in case of fire or during ditching. Although this hazard can be controlled
tn some extent by the design of fuel systems, and emergency exits, it is mainly the
pilot's landing technique and his knowledge of the aircraft tha.t govern the post-crash

survival aspects.

I .. . .. .
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71he vio mce of the stopping force. expressed in C's. depends on speed* and stopping

distance. Speed, in itself, is not a killer; the danger lics in bcw it is dissipated.
A common nisconception in this respect is that it takes bundreds of feet of obstacle-
free terrain to zake a surrivable crash landing. Theoretically. it would take only
20 feet to decelerzte an aircraft from 100 to 0 "jots at a tolerable level of about
20 G's. If thu. sto,-ping force cculd be applied m-iformly over this distance. The same
uniforn deceleratiop (20) vould bring an aircraft to a stop froe 601 knots in a di3tance
of about 8 feet. The arresting gear of aircraft carriers ad runway barriers show bow
this concept can be applied urder controlled conditions.

The problea in soce crash landings is that the deceleration process is not uniform;
every time the aircraft strikes an obstacle or digs a gouge mark. a. peak deceleration
occurs and it is during these peaks that injury exposure is at its greatest. It should
be pointed out. however, that as far as impact survival is concerned only the forces
transmitted to the occupi;ble area (cockpit/cabin) are critical: the dispensable struc-
ture (nose section. wings. a dn rotor. etc.) should be used (sacrificed) as an energy-

absorbing buffer between the point of imact and the cockpit/cabin structure.

The pilot should look at the cockpit/cabin inclosure as a protective container and
try to keep this container reascrably intact by instinctively avoiding direct ipact
against this structure. Accident experience and full-scale experimentation have shown
that reasonably intact ceckpit/cabin structure generally means that the impact condi-
tions were survivable, deceleration-wise. In otber words, as long ss the pilot can
avoid collapse or excessive deformation of the protective container, he has met the
first requirement for impact survival.

The second requirement " :hat the occupants should participate as closely as pos-
sible in the deceleration of their imediate environment by means of their support
system (eat. sent belt. shoulder harness). Any time the occupants' body - or part
thereof - is allowed to gain velocity with respect to environmental structure serious
body blows may be expected. Disregard for this basic law of physics kills thousands
of car drivers needlessly every year in front-end collisions. Even when he is using a

seat belt. the driver's upper torso and head maa gain momentum with respect to his
rapidly slowing-down car interior, resulting in a sledge hammer like impact against
the steering wheel, instrument panel, or windshield. The obvious conclusion is that
the car or aircraft occupant needs adequate restraint - which always includes a shoulder
harness - since he has to slow down at the same rate as his environment. This basic
requirenent for impact survival in any type of vehicular crash is illustrated in the
following hypothetical example.

During the roll-out after an emergency landing, an aircraft runs nose-first into a
solid obstacle at 20 mph, crushing the nose section and shortening it by one foot.
Assuming the deceleration is uniform, a one-foot stopping distance for the cockpit

The total energy of 3otion (crash energy) of an aircraft is a function .f its groundspeed and
varies Ls the square of the velocity. Example: Assuming a 20-knot wind. an aircraft with a
60-knot stalling speed could be landed with a groundspeed of 40 or 80 knots, depending on
landing direction. Under normal conditions, the downwind landing would require four times as
much rollout distance as a landing into the wind, assuming similar braking action. In a crash
situation, the same four-to-one relationship holds true for the aircruft's total crash energy.
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behind the nose results in a mean deceleration of 13.6G*. The pilot, who is not using
his shoulder harness, jack-knives over his sestbelt, striking his head on the instru-
ment pnel. Assuning that the panel has stopped by the time he reaches it. the impact
velocity of his head will be 20 mph. Assuing that the panel crushes to a depth of one
inch. the effective stopping distance of the pilot's head will be 1/12 of a fcot. This
will result in a head impact of about 164 G's. or twelve times that of the ovasrall
cockpit deceleration. Depending on the shape a-d hardness of the head impact area.
and whether or not a crash helmet is worn, this could easily be a fatal blow.

In addition to understanding the reaction of arcafiL structure to crash leads. the
pilot mst have a genemal knowledge of the reaction - and the tolerance - of the human
bodv under these conditions. The notion that there is a similarity between the human
tolerance to G-loads resultivg from flight wneuvers and the tolerance of G-loads
imosed in crash-type decelerations should be discarded. Plight loads are of long
enough duration to affect the blood circultion, for which the boi4 has a very limited
tolerance; unconsciousness mav occur at about 4 to 6 Ws. Inpact loads are measured
In fractions of a second and i=pose a nechanical shock for which the body has a rather
high tolerance - about 0-25 G's positive (parallel to the spine) and river 40 G's dur-
ing decelerations perpendicular to the spine when restrained by a seat belt and a
&soulder harness. With a seat belt only, this tolerance to forward deceleration drops
bejow 25 G's. Actually, the human body can take more punishment than the aircraft
structures under consideration, as long as the p-lot muagcs to caintain a semblance
of integrity in the occupiable area and avoids forceful contact with his environ-ent.

1.2 Crash Dynamics. Fixed Wing

There is no need to explain that an emergency landing in a fixed wing aircraft always
involves forward velocity (grclndspeed). Naturally. the pilot should aim at the lowest
practicable groundspeed but never in exchange for an abnorcal rate of sink. One of the
least understood factors in crash landings is the abrupt dissipation of the aircraft's
vertical component of velocity on first ground contart. The severity of this peak
vertical decelerat. in is governed by the vertical velocity (rate of sink), the crush-
ability of the structure under the cockpit/cabin area. and the nature of the terrain.

If the structure is rigid - as is the case in most low-wing aircraft - and the terrain
hard, very high vertical forces nay be transmitted to the occupants even at moderate
sink rates. Under these conditions an extended - and collapsing - landing gear would
definitely assist in reducing the peak vertical deceleration; however, this advantage

should be weighed against possible hazards introduced by landing gear failure such as

fuel spillage and fire

In single-engine aircraft with fixed, fuselage-mounted landing gear, or with a
radial engine, a bard flat touchdown on soft terrain mar cause the digging in of the
lading gear bulkhead or the lorer half of the engine. This abrupt plowing effect at
first ground contact may result in extremely high horizontal decelerations on otherwise
unobstructed level terrain.

The horizontal deceleration of freely sliding wreckage is very low. On a smooth
hard surface, such as a runway, the stopping force is proportionate to the coefficient
of friction and, therefore, always less than one G. However, at initial impact this

3 formil.a used: 0 0. 034 (Stopping distance. S in f 3et).
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horizontxl stopping force has to be nultiplied by the vertical G load resulting from

the reductioa of the sink rate to zero. (1his is the same force mechanism that tears
off landing gears in hard touchdowns with the brakes locked.)

Wings and landing gear are the prizary "drag devices" to stop the aircraft' s forward
totion. Long nose sections with collapsible structure can also be used for this purpose.

if aft displaceseut of the nose structure does not iiedlately affect the cockpit's
integrity. So=n of the modern. short-nosed, single engined aircraft are poor exailes
in this respect. A severe nose-first impact in these aircraft will drive the engine
into the instrument panel or the rudder pedal area. Tnis reduction in occupiable area.
in combination with the stretch in the restraint system or a failing seat. can eas!ly
n-ke this type of accident non-survivable for the front seat occupants.

1.3 Crash Dynmics: Rotary Wing

Where the fixed wing aircraft's dispensable structure is especially suited to arrest

forward motion, the helicopter' s dispensable structure (landing gear. lower fuselage,
tail boom, and nain rotcr) can be used mainly to alleviate vertical impact. Consequently
the helLcopter pilot hzs to be very cautious about forward velocity during excessively
bard verticsl impacts on soft terrain, or during a running landing between obstacles.

The general rule for helicopters in this respect is: the worse the terrain, the more
important it is to reduce the forward ve!ocity of touchdown. Since a zero groundspeed
touchdown requires wre finesse, it would be unwise to use this technique Phen terrain

permits a running touchdown.

What are the peak G-levels in a typical accident situation? A zero-groundspeed
autorotation in a low silhouette helicopter, touching down on hard-packed terrain at a

sink rate of 1500 feet/minute. would expose the occupants to a vertical load of about
24-40 G's*. Spinal injuries are likely to occur under these circumstances but survival

would not be at stake. The cockpit/cabin area would still be relatively intact -

although distorted - but the aircraft would probably not be economically repairable.
If the sae landing on hard terrain were made with forward groundspeed, a peak horizontal

deceleration in the order of 15 to 25 G's would coincide with the peak vertical decelera-

tion due to the increased frictional force while the vertical speed is being dissipated.
A similar touchdown with forward velocity on soft terrain would probably be disastrous;
the extremely high drag on the aircraft's bottom structure coupled with the forward
inertia of the heavy components (transmission, engine, etc.) would tend to destroy the

3verall cockpit/cabin integrity. To avoid undue concern, it might be well to note that
a 1500 foot/minute touchdown at zero groundspeed on soft terrain that allows one foot
of additicnal vertical stopping distance would not have itjurious effects.

The most important vertical impact attenuator is the main rotor, especially in low-
silhouette helicopters such as the J-1, where there is not enough structure under the

occupiable area to cushion an excessive rate of sink. The ideal way to use the main

rotor for this purpose is to hake a zero-gioundspeed tree landing, this causes the main
rctor to act as an '"obrella" while the fuselage settles into the trees and loses its
excess vertical velocity. (This techniQue is explained under the heading, 'Toucbdown".)

* Based on an effective stopping distance of about 4 inches.

I



251

2. SETTING TNE SCENE

Froa the pilot's point of view. there are two types of eergency landings:

(a) Forced landing hen further flight is imossible, but not as a result of

catastropl-ic aircraft control problems.

(b) Precautionary landing: Then further flight Is possible, but inadvisable under

certain conditions such as deteriorating weather, being lost. fuel shortage, and gradu-
ally developing engine trouble.

A precautionary landing, nor-ally. is less hazardous than a forced landing because

the pilot has more time for terrain selection, is subject to less stress, and can use

power to compensate for errors in judgent or technique. Unfortunately. too many
situations calling for precautionary landings are procrastinated into imediate forced

landings because the pilot uses wishful thinking instead of reason, especially when
dealing with a self-inflicted predicanent. On the other hand. experience proves that

an emergency situation that de=ands a quick, instinctive reaction without time for
rationalization is often handled better than a situation that leaves time for

"meditation" and "self-pity".

If serious injuries do occur in emergency landings, they generally result fro.2 lack

of understanding of the basic mechanics involved. cozpcunded by one or more of the

following factors:

(a) Reluctance to accept the emergency situation. The pilot who won't face the fact

that his aircraft will be on the ground in a very short time regardless of what he

thinks or hopes is already handicapping himself. In his efforts to delav this dreaded
moment, he tends to maintain his altitude at the expense of aircraft controllability.

(Loss of speed and/or rotor r.p.m.)

(b) The desire to save the aircraft, even when it implies a course of action that
leaves no margin for error. If all goes well, the aircraft may sastain little or no

damage; if the pilot loses his gamble, the aircraft as well as the occupants may be

lost. Stretched glides and failure to allow for obstacles in the approach path are

typical under these conditions.

(c) Undue concern about getting hurt in a landing on rough terrain and its adverse

effect on the pilot's judgment and technique.

To supplant all unnecessary .epprehenslon by a justified dose of self-confidence, At
might be best to introduce the chapters on aztual landing techniques with the following

statement:

A helicopter pilot who understands and uses the guidelines presented in this
pamphlet is not going to expose himself or his passengers to fatal injury during
emergency landings under the most adverse conditions.
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3. TERRAIN SELECTION

Except for the few critical seconds followiig takeoff. a pilot never has an excuse
denying himself some form of choice in the selection of an emergency landing site.
This does not mean that he has to fly oround preoccupied with engine failure and suit-
Able landing spots, but rather, tfat he has to develop some protective instincts and
sound habits in the following ar,,.as:

(a) Routing: Using imagination in the planning of a route goes a long way towards
imroving the survival aspects of a forced landing. The difference between a direct
route which leres no choice in case of an emergency and one that detours over "friendly"
terrain is often a matter of ouly a few miniutes or a few gallons of gas. The same type
ot defensive thinking should go into the selection of terrain over which local training
flights are ccndLcted and the direction of take-off from confined areas.

(b) Altitude and Airspeed: Wre altitude above terrain means more choiL.,. time-wise
and distance-wine. Excess airspeed can be converted into altitude and therefore, into
terrain choice. Flying needlessly low and slow over neck-breaking terrain is one of

aviation's capital offenses. However. excessive altitude is not a blessing when it
leads to indecision. The helicopter pilot should probably learn to think in terms of
optimum altitude: high enough to make an autorotation and low enough to get thp aircraft
safely and quickly on the ground in case of a critical malfunction.

It is unfortunate that in most training situations so much stress is placed on the
selection of a field that actually allows a (simulated) forced landing without damage.
This training practice and the bias it creates put heavy demands on the composure of a
pilot who finds himsaelf beyond gliding distance of a suitable field. What is he expected
to do? Call his instructor for further guidance or a refund? Obviously. no flight
training is complete unless the student has been conditioned to accept the inevitability
of aircraft dazage when circumstances force him to sacrifice dispersable structure to

protect the cockpit/cabin area.

Assuming that the pilot is beyond reach of suitable landing area, he should Judge
the terrain within gliding distance for its energy-absorbing capability. If sufficient

altitude is available, he should head towards the area that seems to offer the best
choice without being imrediately concerned about a specific spot. When the available
time is very short, the choice may be limited to a variety of obstacles, but it is
still a choice as long as the pilot maintains control of the aircraft.

The following discussion of the pros and cons of the different types of terrain is
intended as general orientation only:

3. 1 Trees (Forest)

Accident experience proves conclusively that in en emergency situation trees can be
a helicopter pilot's best friend. In conjunction with the modern, all-metal, main
rotor blade, trees have an energy-absorbing capability that may even compensate for
partial loss of aircraft control or an excessive sink rate. In practical terms this
means that under certain circumstances (e.g., low rotor r.p.m. or control difficulties)

a tree landing may be less hazardous than one on flat, open terrain.
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3.2 later

It is difficult to explain the apparent reluctance of some pilots to ditch their
helicopter in case of emergency. It may be the subconscious knowledge that the air-
craft rill most likely be a total loss. or fear of getting trapped. Based on actual
experience, the ditching of a helicopter definitely presents much less of a problem.
impact-wise, than a landing on ve'y rough terrain or in high trees. If there are any
problems they are mainly self-imposed ones in the form of premature evacuation of the
occupants (before the main rotor has stopped) and failure to have all doors open at
the time of water entry. The subject of ditching is covered separately in the last

chapter of this pamphlet.

3.3 Desert

Selecting a suitable landing area in the desert should not present a problem. The

survival and comfort aspects after landing, such as the proximity of settlements and

the availability of water, food and shelter are sometimes tore critical. For this

reason, the original choice - when considerable altitude is available - should be one
of direction rather than a specific spot. Since orientation is easily lost in the

desert, it is advisable to make a mental note of a walk-out direction in relation to

certain terrain featurrs or the planned landing direction. This suggestion is made
without inferring that a conspicuously located aircraft should be left in favor of an
uncertain search for comfort.

• 3. 4 M ountains

It is impossible to give general rules for terrain selection in mountainous terrain.
What was said earlier about "giving yourself a chance" in case of an emergency defi-
nitely applies to the pilot's initiative and habits in mountain flying. The pilot

should learn to instinctively avoid situastons where an emergency would leave him with-
out choice. Once he develops this instinct, the helicopter pilot will discover that
the unique flying characteristics of his aircraft give him considerably more freedom

from worry in rugged terrain than his fixed wing colleague.

4. APPROACH

Terrain selection from altitude is initially based on appearances, and therefore,
not always final. As the actual terrain features become more apparent, the pilot should

not hesitate to discard his original choice for one that is obviously better, but as a
general rule, he should not change his mind more than once. A well planned and executed

crash landing can be less hazardous than a wild approach into a large established field.
Once the pilot has made his final decision ha should suppress the terlency to keep look-

ing for other - and hopefully better - fields and concentrate on the approach. The best
advice here is to fly a normal landing pattern, without aggravating an already difficult

situation by using non-standard or unproven procedures.

When the pilot has time to maneuver, the direction of the approach is governed by
two factors: the wind and the location of obstacles in the approach path. A third

factor - the dimensions of the chosen field - enters the picture only when ample landing

space is available. A simple rule of thumb in the latter case is: %ben the wind velo-

city is ten percent of the touchdown speed, a downwind landing requires fifty percent
more ground roll - or sliding distance - than a landing into the wind.
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A critical situation is one where tne only available field is a confined area that
will accomodate the aircraft only when the pilot executes a flawless approacb. From

the pilot's p int of view, this set-up is a perfect trap which he cap- avoid only by
asking himself: Prom what direction should I approach to avoid disastrus results from
possible errors in Judgment and technique? Considering the two most obvious approach
errors (coming in too high or too low) it is apparent that obstacles (wires. buildings.
trees, etc.) permit only one type of error: coming in too high. To encourage the hard-
to-convince pilot to treat ob.tacles with respect, the probable results of coming in
too low are listed:

(a) Striking an obstacle during the final part of the approach almost always implies
loss of aircraft control before the planned touchdown point is reached.

(b) Stretching the glide across obstacles to reach an open area means sacrificing
rotor -.p.m. and yielding control over the rate of sink at touchdown.

The foregoing should make it clear that the approach direction into a confined area
within gliding range is determined by obstacles as well as wind. To reiterate: The
pilot should aim at a wind/obstacle combination that permits a controlled touchdown
with the gteatest margin of error. Yhen there are no obstacles to contend with. wind
should be an overriding factor only:

(a) When its effect is readily soparent in the aircraft's grocud track. j
(b) When there is sufficient time to do the necessary maneuvering without jeopardiz-

ing aircraft controllability.

Too many approaches go sour and end as serious mishaps because the crew pays too
much attention to the fixing of whatever they thought went wrong (engine restarting
attempts, etc.) and not enough to the planning and execution of the approach. Emergency
irleding procedures and aircraft control always take precedence over restart procedures,
even if the pilot knows - which is the exception rather than the rule - that the situ-
ation is correctable within the available time. There is no n3ed to explain that pre-
planned crew coordination for occasions like this can save the day.

In case of an erratically operating engine, it is often netter to kill the engine -

and shut-off the fuel - before final approach. This action not only preserves the
pilot's initiative but it reduces or eliminates the most common fire hazard: a hot

engine. (A turbine engin, cools off extremely fast after flameut.) Another ignition
source - the electrical system - should be handled in a similar manner when the pilot
is no longer in need of the system's services and when time pe,1 'ts.

Advice concerning protective equipment should not be necessary since every helicopter
pilot always has his seat belt, shoulder harness, and helmet chin strap fastened. Con-

trary to what most handbooks recommend, the locking of the shoulder harness (reel) ir
optional; it should be done only if time permits and if the pilot can do it without
endangering aircraft control. The purpose of the automatic reel is to give the pilot
the required freedom of movement in the cockpit while at the same time automatically
protecting him in case of an abrupt deceleration (in excess of 2 to 3 G's). To obtain

real benefit from the manual locking of the shoulder harness, all slack should be taken
out of the straps after moving the control handle from automatic to manual.

-Ic
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5. TOUCHDOWN

Towards the end of the approach, the pilot is in the best position to judge his
aircraft's remaining maneuvering capability witbh respect to the rapidly narrowing down
terrain choice. Fe must now make the final decision about the exact touchdown spot
-and the manner of touchdown. This is not the time to get alarmed or revert to the
supernatural because the terrain doesn't look as good as it did from altitude, or
because the best area is overshot or undershot. Of all the errors that can be made
up to this time. there is only one that's critical: loss of rotor r.p..m. and the
resulting loss of control over the manner of touchdown.

The following discussion of touchdown techniques deals with landings on open terrain
and tree landings.

5.1 Open Terrain

Before instinctively heading towards open terrain (including established fields)
the pilot should ask himself the following questions:

1. Can I reach the open area with a normal glide without being tempted to stretch
it? (No.;- The speed for maximum glide distance, power-off, is not necessarily the
same as the speed for minimum rate of descent.)

2. Does the surface permit a running landing in case of an excessively hard touchdown?

3. If I decide on a running landing, do I have sufficient aircraft control to insure

a touchdown without drifting or crabbing?

4. If the surface conditions are poor, do density altitude and gross load permit a
zero groundspeed touchdown at a reasonable sink rate or do I have the compromise in the
form of a minimum (round roll touchdown?

As explained earlier, a running landing is less demanding with respect to pilot
Judgment and technique than a zero groundspeed touchdown. It may even be said that a
straightforward emergency, such as an engine failure, over terrain that permits a
running landing hardly presents a problem. However, the pilot has to be prepared for
the most adverse conditions and for this reason his training cannot be considered com-
plete unless he has been taught to perform a zero groundspeed autorotative touchdown.

5.2 Tree Landings

When a tree landing is unavoidable or preferable, the pilot should select a touch-
down spot based on the following considerations:

1. The height of a tree is less critieal than the height above the ground where it
begins to branch. Tall trees with thin tops allow too much free-fall height after the
aircraxt passes through the branches.

2. %hen dealing with young or short trees (twice helicopter height or less), the
most densely and evenly wooded area should be chosen. This is an ideal situation in

which the bottom of the aircraft as well as the main rotor provide a cushioning effect.
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3. When dealing with large trees, resistance against the bottom aircraft structure
should be avoided in such a maner that the fuselage and tail boom will settle between
the tree tops before the main rotor engages the branches of the surrounding trees. In
other words, the pilot should look fcr an area where the rotor disk meets equal resis-
tance at tree top level with the "softest" spot for fuselage and tail boom to insure a

tail-low attitude at ground contact. The general implication is that, although their
branches may overlap, tree trunks should provide a clearance of at least I% times the
rotor diameter.

4. If at all possible, main rotor contact with heavy trunks; high above the ground
should be aroided as it may result in loss of main rotor or transmission failure. If

a retreating (metal) blade strikes very heavy lumber, the tendaycy of the transmission
is to fail in the forwara direction (with counter-clockpise rotor rotation). The
opposite is true when an advancing blade strikes a heavy obstacle, including the ground.

5. A landing in a sparsely wooded area may require more finesse than landing in a
dense forest canopy since the few individual trees act as obstacles rather than energy

absorbers. Under these circumstances, the terrain itself will probalby be the main
touchdown area and hitting an obstacel priG:. to touchdown often leads to lose of air-
craft control and an uncontrolled crash. For ex&ple, if the left side of the rotor
disk were to settle into trees while the right side met no resistance, the ai-craft

would tend to strike the ground on its right side.

6. Brush-type vegetation of less than helicopter height should be dealt with as if
it were not there.

7. Clearings in woods should be treated ith caution as they may contain tree stumps
and other obstacles thit may penetrate the aircraft's bottom.

8. Dead trees are dangerous; they offer little energy absorption and tend to puncture

the fuselage.

9. A tree landing should bL executed with zero or near-zero groundspeed and in a
tail-low attitude. If for some reason the pilot is unable to reduce forward velocity

to safe limits and tree contact is unavoidable, he should flare the aircraft in an
extremely nose-high attitude against the densest growth and as close to the ground as
possible. In this case, the pil)t is using the trees to absorb energy of motion in

the horizontal plane and the 'iottom of the aircraft becomes the main contact point as
well as a protective shield. Even individaal trees - preferably the smallest ones -
can be used for this purpose if the center of the aircraft is aimed a the center of

the tree crown. Uprooting a tree under these conditions adds to the impact attenuation

process, as shown by accident experience.

As far as less yielding obstacles and man-made obstructions are concerned, the same
concepts apply: Avoid nose-first contact under all conditions tid avoid destruction of
the main rotor until the aircraft is close to the ground and/or the forward velocity

is negligible.

*11
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CONCLUSION

The reader is remnnded that the purpose of this pamphlet i,. to increase the heli-
copter pilot's understanding of how to avoid or minimize the huzards associated with
emergency landing situations. The intent is not to instruct the pilot how to fly his

aircraft or to give the impression that the reading of these contents relieves him of
the responsibility to maintain his routine skills and knowledge. The concepts and

guidelines presented should be seen as a tool to sharpen the pilot's juagment in the
utilization of available skills and knowledge under demanding circumstances: their
proper application can reduce our already low occupant fatality rate (1%) in emergency
landings to zero.

ADDENDUM

Useful additional data are found in a report entitled 'Ditching the Huey". in the
May 1967 issue of the US Army Aviation Digest.

DISCUSSION

Wg Cdr Eley expressed appreciation on behalf of all pilots present for the excellent
work being done by such orgalsations as USABAAP. The 'wrapped' fuel tanks certainly
seemed to be a great improvement but was there not in wnny helicopters a case for
substitution of flexible hose for rigid fuel pipes? Mr .ruggink replied that this

varticular problem was being investigated at the moment.

Col Cody wished to support Mr Bruggink's case for the use of available trees to reduce
impact forces in steep forced descents. He had seen many successful outcomes from the

use of this technique.

It
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SWJMIAIY OF SESSIGN IV

Gin. Mj. Wd. Evrard

Dealint with bhmrds of tM= hellcopter on a-st firs. say that no i ying mpuaratus
is cowletely itbout s certain ant of potential danger to man. 7berelre = c
work is to be coacentrazed on accident preention and survival.

I

Icing still is a prohlem not veiy easy to cope with and -mlpex deTices are Leces-
sa.y for Its study and practical Prrrention.

The rescue of heiL-icer cress wfter ditching has been very moch impr-ved dn-ig

the past years to e=able cre s and pAsse gers to leave the afrcraft after an eerancy
crash lndim sce systess for be;icpters have sbmc very pr=-isi= 'eszlts so
that oe can tpe that the exist!i= g cam be filled In the near "itmre. A statis-
tical anaysis of belicpter cc!dents. in articular of fa-al accde t.s. gave cod
indicatios for fn-rter efforts in specific fields to red--ce the lethality rate. It
Is possible to avoid a cossiderabla pro;*rtica of fatalities by pyirg nomre attention
to the safety factos

StAdes of best tec6-nqes for heliccpte- emergeucy lanmdigs gare neow interesting

stiuml! to research increased flight safety.I

ai
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I THE HO EECRAFT AND ITS POTENTIALITIES
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ISE ROVERCgAFT AND ITS POTENTIALITES

g dr J..Baurton. &A-

Beie se of the limited tine available to me. I will !it zv presentation to a brief j
description or the bovercralt design. a discassion of the sope of the work we bare been

doing inrestigatinZ the military potential of the borercrat. aad a few words about our

future plft. First then. the general design of the hovercraft.

how p: ssure air irs provided by a fan and discharsged by suitable ducting through a
slot arond !he lower periphery of tte craft. This slot feeds air into the cushion
area =dernez.'h tb crat and at the sae tine. the curtain of slightly higher pressure
air round the peripbery reduces the rate of loss of the air frou the cushion. Since
about 1962 the peripheral jet has been enclosed in a double-sided skirt nade of

rubberlsed fabric *ich effectively extends the slot dosnwards froa the craft
structure, thus providinz a vertical obstacle-crossing ccability by deflection of the

fskirt. of u to Wc of the skirt depth. The combinaticn of the flexible extension (or

skirt) with the air cushion principle has resulted in a great saving of instatied
power and has increased the obstscle clearance capability of a given craft by a factor
of five or nore. Contrary to ladies' fashions = cy country, we hovercraft people
like our skirts to be as long as possible! Generally speaking. thc skirt length can be
up to about one sixth of the ben of the craft and this is dictated by stability con-

sideratlcns. since the further the craft Is away fro= the surface over which it is
passing, the less stable it will be. In order to give the craft basic stability, the
cus-hion *rel .5 erpartented by transverse inflated skirts. The object of lifting

the craft on an air cushion is, of course, to reduca the resistance to cotion whilst

*providing in obstacle clearance capability. Additionaly. it gives the craft the
ability to pass over a variety of surfaces such as water. cud. sand. marsh. snow and
ice with equal ease and without need to pause when changing 0rom c nediun to another.

Current amphibious craft are powered by gas turblne engines to take advantage of their
low power to reight ratio. installed power required is about 100 h.p. per ton of ail
up weight. The lift and propulsion are generally on integral shafts geared to supply
about one third of the power fa- lift ard two thirds for propulsion. Cushion pressures

I are kept as low as possible, the present ge.eration of craft having cushion pressures
of 40 lb. per square foot (200 kg. per sq.aeter) which Is about equivaleit to the

ground pressure exerted by a seagull standing on one foot. Cotrol is by aerodyn--icItype controls operating in the slipstream from the propeller, by skirt lift. and by
| use of air jet reactions. .-he more sophisticated craft have the Lbility to -ingle the

thrust of the propeller by swivelling the pylon on which the propeller is mounted.

We recognised a possible military potential following the success of the first full
scale hovercraft, the SRN-1 in 1959. and set un . Joint military Trials Unit in 1962.
The Unit has had experience of all hovercraft that have; so far been produced in the

United Kingdom. We can say broadly that the work of the Trials Unit has been

11
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concentrated iairily on the seakeeping perfortance of the iarger craft and on the
potential In sheltered water. aWhibious opers~tiln of the sxeller craft.

I oul like to dispose of t e larger craft first-

W~e-3 was deliVeredto the Trials Uit in 196-4- It is ft longy30 ftn
the b! (24 netres by 10 netres) and has a weight oZ MM : tons fully laden of vhich
12% tons is payload. Ii Is powered kyfour gas turbines of 5:00 s..h.p. ft-ch and has a

~ai.speed of 70 knots over a cula sejL and a practical cruise speed of 50 knots. j
Work on this craft has be~n concm-rated mn provl"lg the principle of Naval use of the
hovercraft in -the Anti-Subcartne zole using a dipping sonar simtilar to that used in

the helicopter. Since tM. bavercraft has a good loadI carrying capability it can have

par#nds. In teras-of aver witer-Perfomance in calm water the horercraft Is very
-superior to tw.ivalewat sized vessels. In moderate seas its perfortance and sea-
keeping qualities sre equitalent to those of a vessel of twice the weight, and in
adverse meatiter J.c is capable of transitf-ing at reduced speed In sea states which
would step vesx'eln f equal sfte.

In te apbibou-role, the Trials !hil have undertakes a large ntzber of trials

using -he -WIS horer-craft. -ibis craft first appeared In early 1364 as a commercial

-15 passencer ferry. It -Is powered_ -Tbya single .900 s. h.p. gas turbine and can carry I
a payload of 0-'-ton-s- over a raije of 150 nautical iles. Its lotded weight is about
8 tons. Cruising speed Is about- 45 knots and %aminum speed 60 knots. Triias have
been done in various arezs ad Include desert ad Canadian Arctic terrain. In the
desert the craft- s pot,:ntial in providing a rapid means of smooth transit was amply I
deconstrated. Some pfaohlear. still exist, of course, and thes- are ainly concerned
with engine filtration and skirt wear. In the Arctic, the craft --howed great promise
as a seans of openiij& up areas which are cut off by the winter for six months of the

Year. Perfoxmuce -"s, of cgurse. superior in the' colder ar and as expected thereI
was even less 1riction when crating over ice.- Problem areas i.ere concentrated on
winterisation of equipments ad of the flexble- skirt. Though the hovercraft can
range freely over relatively stooth, level areas such as desert, it will be somewhat
limited in terms of speed and bill- clmbing ability over the kind of close count ry
that we have in Europe. In these cznditions it =gy he recssary tP operate only over
previously surve3yed and graded rutes to ensure that no obstacle will .e encounteredI
which is beyond the craft' s capabillty. Flor reduceA range of operation, the craft

* can, of course, negotilate terrain which vauld stop Puny other vebicle.

As a exenson'o the Trials Unit, we formed a sexi-operational hovercraft unitI

e~pippe wih to S~(- s nd eatit to the Far East ffr the 1.hole of 1965. *The Viit
was stationed for part of the time in Singapore. part in -Borneo. ard for a suort time
In Thailtnd. In the Singapore straits, the craft was vprae ry successfully in
co-operation with Naval vessels, in the Doastal Forces role a5 a high speed patrol
boat both by day and night, having the added capability -over conrventional. boats of

L being able to traverse shallow water and sand banks. In Borneo. the craft jspen3t the
majIority of the tine being used ir, the logistic support role for the Army 0Aong the
main river communications of the country. 7-be craft distinguished Itself in -this role
showing that it could negottate snall rapids, floating debris and tidal rivers which
would normally be impassable or hazardous to other river traffic. Thbe only alternative
means of supply in such terrain was th~e helicopter whichi was limited in paysoad and byj
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weather, due to the nountainous nature of the country. Our Far East Unit further

proved the potential of the hovercraft by carrying out a short trial over the paddy-
fields of Thailand. Ihis seeed to convince our Acerican friends that there was a role
for these craft in Vietnam and the United States Navy subsequently bovght three of

our SV;-5" s. armed and equipped the= and put then into operation very successful ly In

the Nekong Delta I think this operation was an ideal exmple of how he havercraft
should be considered as being coaplementary to the helicopter and not in cometition
with it. In the task in Vietnam. an armned helicopter vas paired with each of the
W-5*s in a search and destroy type af operation. The situation was that the water
3evels were falling over this large generally inundated area and it was not possible

to use coiventional water borne craft.- The helicopters could not land because of the

flooding. The speed and nobility of the hovercraft wes far .mperior to conventional

vehicles and the helicopters were able to direct them in pursuit of suspected Viet
(bg through 2r-sh, swamp. heavy grassland and lIght brush with great efficiency.
The force of three hovercraft and -hree helicopters, in the words of the Asericans.I achieved as much in one week as would have taken three months using other teaas.

As well as the roles I have described, the htvercraft has a good potential in the

ship to store logistic sipply task. In the past, this task has been done by slow
moving boats which can go no further than tbP beach and so-"eines due to shallow water
not even as frz as that. The higher speed ot the hovercraft should enable the supply

ships to lie off in a less vulnerable area fur her from the coast, their use will
provide an ability to get men and srpplies ash.ore without getting wet, %nd flexibility
should be improved in that landig greas need not be dictated by depth of water nor
by the state of tte tide. All these consideraio.|s and the success of our trials
around the sorld have encouraged the British Arty to form its first purely operational

hovercraft squadron, equipped with faur militarised versions of the S NC-6, capable of

operation in selected areas of the v.jrld in the logistic support role. The SSF-6 is
a lengthened version of the M-5 capable of carrying a further ton of payload at the

expense of slightly reduced performance. In addition, the Ar y plan to carry out
experimental trials with the HH-7. which is a 40 ton craft specially designed for the
logistics role. The Navy also plan to use a version of this craft in the fast patrol

boat role. In addition, the Navy have ordered a study into the possibility of building

a hovership. initially of 300 tons and possibly later of up to 1000 tons for use in
the A.ti-subcarino role. The Royal Air Force have stated a requirement for a hover-
craft ba.;ed on the military SMN-6 specially adapted to carry fire fighting and rescue

equipment. A large nmber of our airfields are on the coast and are surrounded by
terrain which at low tide is impassable to normal vehicles and vessels, other than

helicopters. The helicopter is limited in payload and cannot effectively fight a
fire or rescur large numbers of survivors. The hovercraft would be capable of carry-
ing a payload of 6000 lb. (2720 kg.) of equipment plus crew and after some of this

equipment has been discarded, of transporting 50 survivors to safety. The Ministry

of Defence are consideriig purchase of q numbor of these adapted SRN-6 craft to

augment the existing fire/rescue facilities aL c,-rtain airfields.

As a means of providing z relatively smooth ride over a variety of water and overland

surfaces whilst baving at least 40% and in emergency 100 of its all up weight as pay-
load, the hovercraft would appear to have excellent prospects. It has attractions as

a casualty evacuation vehicle apart from the ron.es which I have mentioned Its dis-

advantages are Lhat it is noisy and at this early stage of its development it is fairly
expensive in initial cost. but not in expense of maintenance or operation. The noise
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problem is capable of soluton when it is appreciated that the adr propellers presently

in use are taken direct from aircraft. Since they are dc-.gned for different speed

regimes. they are far from efficient and moreover the propeller tip speeds are m-
necessarily high and this is the main source of n.oise in the present generation of

hovercraft. We have initiated a development prograre-aiaed at producing a hvercraft
prmeller which will be both more efficient and less noisy. The initial cost of the
hovercreft will d-crease with the passage of time as more and more of these vehicles
come into use and the cost of development can be spread out.. Weight for weigei in
terms of payload., the hovercraft Is considerably cheaper than the helicoptsr and likely
to become more so. Mantenance is simpler nd cheWper and standards need not be so
stringent, as vith the helicopter. Crer skill cn he less and therefore training will
be cheaper. Geherally speaking a hovercraft Is safer than a helicopter and it can
operate in zach unrge weather conditions. Having said all that. I want to stress once
again that the hoyercraft has not been developed to be I cometition with the heli-
copter. We cousider that its partirular virttes she'ad be cMplementary to rotary
wing aircraft.5I
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PANEL CHIAIRNAN' S CONCLUIDING - FNAIKS-

I

any of us in A(ARD, and in particular in the Aerospace Medical Panei, feel that J !
on fits most important functions is to bridge a gap between research and the

practical problems of air operations within the MATO forces. This would seem to be a
fitting takframilitary research agency but at smne meetings which I have attended.

emphasis has been on laboratory research without perhaps a full appreciation of the
problems in the field.

i
Last spring the Aerospace Medical Panel held a short meeting in which flash blind-

ness was the sabject under discussion. This brought together visual physiologists and
members of Air Staff as well as aero-medical authorities, and resulted in a successful
and useful exchange of knowledge. This fas in part due to the fact that the programme
was planned around a single theme and contributions were sought from speakers selected

for their knowledge in one or other particular field. This helicopter symposium has

been a similar exercise, and it has brought together not only research scientists,
aero-medical authorities and air staffs, but it has also had a direct input from those
operating helicopters in recent war operations. I should like to mention in particular

the value of the papers we-have listened to regarding recent military experiences.

Circumstances prevented me from attending all the sessions but in closing the
symposium I should like to thank all those who made it so successful - all those who
contributed papers, who acted as chairmen of sessions, the interpreters, the AGAPDI administrative staff and all those attending. I should like to make special mention

of Wing Commander D.I.Fryer, the chairman of our Editorial Committee, for undertaking
I the task of laying out the sympositu and inviting speakers, and Lt Colonel H.GrLmhofer

the Aerospace Medical Panel's Executive Officer for his general support.

H.L.Roxburgh, Air Commodore, RAF

Chairman. Aerospace Medical Panel
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A sm c cm tbhis blzb-L toP!ca s;:Jet~ WMS 5--M 2t XM! 0!l-= ol frt
cmM " -24:- ~I e Ir O- sixry pb~!e Ptt ciae repteminj tbe aed
Foames Cal tem 3_29 Meb =-*,'us. S:d tW=*r-Si rpems wnre 1:3. L *ItIcm.

- erera! fibs wn-e 35:4= a~ tbre w~s spried a'sic 1= CM to fr 51! were
M= secIf'ICzII o~ered ES f=3=1raer.

Mhe 2eei= was cpnui'- is Me LE.etar off WM1 IL Jczes. wfrj & enw c to the
great Pta2rIla! 0:k *-=SI fMsi inWbih eatcTIre =X3 S.-!IiXft tra:522 Olf the
sevIcs c= sez tcs-ebr- 2am tLhe cu=ffee=~ - Ebe 2d d~scuss In depth tbo =ture
Offr a P 1tcMu~ar USX tte MFSt wbich5 1: Is tacled ty ueailn rzicrs Zad Mhe prubieas
N-t-it LaM=, ,et be=~ sod utis.crl

Mr&ies sb~am fm this serdwlist sjznsin was reflected Im tbe Presee d=Ikg
the ceni.- sessim a f Gt= MOXFrg N . S63n IN1 a !rIef welin;a-ress

MESsdthe lrlne to tbe xiwtsry ctmettee off t1Ie dexitrticas offterss off

7DTe first sess!on. Chui1red tr clel 3bIOome of0 cbe CS A'-' SFn-ce. dalt wi9th tbe
BEftfccptr as a Cbarie: off Pesirne1 =_4 lfaterIal. A clear pictun' 0of tte tasks faced
is telIcpter Gcerawr was gained fhun s e3&r's with ccmmn exper:Pee I= Maly.

S~reo. Vieln=. tbe AL-4 Feztsnla == In z CE selaote strike force. Mhere were
alsa drara-c fftzi-- --Ofm-iltz resc=ue work to BrzIiish coastal waters.
in the Itallam nwod disasters off L%95 amd followi=X the fd=&erIc& of a rhmmisb fer:7
frm which 1441 parsccs wenre sitved.

Mhe seccod sessimu cc The- Eelicopter as a Czalty em-=tfco Vehicle. =d~er the
cbalrnaz-_-hip of Air Cbmandore Terb~ry of tbe RAF am inrcdnced ty the sbowing of a

bri~lntldrdnced 'Clr-ua Tirft - flin of frot-iline belicopter cascalty evaccation

In Wet== kr the CS Au =nd the svbseqnen treatmen; of a casualIty coanrdnating in
&L- eracuatIca to t!he &rri=a coatincent ty the USA..? 3til itary Airlift OC'xmnd. Tbe
andiezce =seqn-ently learned with great interest of the intense activity of the

a jpanel member. Gndral Major 366decin Evirard. Belgian Air Force, tosards the zlari fi-nelaia e rs raia~o zgeysinae yte~oki oiteo
cation amd moderaisation of the Genr Onvention as it affects casualty evacuation byIair- Scbsenen; papers gav-e clear descriptions of the organisatica and tedh-:iques of
czsualty_ bandling in ondAern rierrilla-type warfare and "ccofron;tation" in the bostile

environent of the Far and Fiddle East-

-Next, Go the programme was a session on Aircrew Problen~s in Helicopter Operation I_
wbich pilots, research workers and doctors who are also qualiffied helicopter p~lots
out-lined and discussed the uazz pbysiological and psychological stresses irpose:I on
the crew of rotary-wing aircraft. Under the guidance of the session Chairm, General
L""-c'ner of the Getman Air Forc, opinions and experiences were exchanged on many

subjects, including noise. vibration, vision. instrument flying. selection and training.
Miere was also a wost interesting daiscussion on the causes, effects and treatment of.1 fatigue arising from intensive belicoepter operations.
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and poollag of rsrcb fsrAcilties coeld rapidly bring resalts wbich wocld lWavve

efficie=7 am ema~Em;v safety In the se f tho beldicpter In Is tactical role.I

Amcg the fields Im which AGARD sbould take the Initiative in festering collaborative
projects the meetirg had revealcd clear needs In the folloming

cse of such eqmI~wt are redneed, e..g.

(aStc L-M W1C rescue dth raiin a=O wi de tze is fall:t n h

(b) aids stiereby Versmenei a-waiting rescue c~a be sure of location in all circus-I

stances, r~articulparly tbose fI which vegetation etc. mitrt Impede or prevent
direct visna! deiection-C;

(c) protective eai3reaz sheretT rescce personel may be lo~iered into Jungle and
other hostile environments and casualties and 'downed- =dators may be rescned
from such cooditicas with maxixm speed and minftuz irjury.

2. Educaticn of the military personnel. civiliarn authorities such as the police.
fire brigades. ship owners, coast guards, civil deferice organisations and the general
public in the folloving matters:

(al~ the preparation and marking of landing sites. pick-up sites, etc. including
the clearance of obstructions:

(b) the limitations imposed tT terrain slope, obstruct'LOWn. altitude, load, wind,
darkzess. etc. on helicopter operati-mr;

(c) the importance of clear %ind standardised notification of casualty numbers,
condition, prioriZy. 1'atien and pre-rescue therapy.

Included in this educational programe should be the preparation in advance of
instructional leaflets and broadcast scripts for use in emergencies such as floods,
wrecks. et--.

j 3. Military passengers, whether fit outbound troops, casual passengers, sick
casualties or rescue tepms should be afforded better protection from the hazards of
the helicopter and the terrain over which it flies. Included in this category would
be:



(a) tbe P=risiom of niwedsa!-:!t belnets with gua ipan; and acossticai P-oTZC-
dom p -rert-es. but desinegd to pe-mit both direct bearing t displace t o

cmx22er a=d pass_-ger-s. pehtups f7 the~ Iocp system with cc~se=t eliainaticm
of e: =bejg m fV ccrds

(b) the provision of saitabb- effective floLtitio~ aids for falyj crzed cmd eap
=WIta'y strike Persm--e1-

I

4. tere sboald be collaboatiom to design a litter or stretcber wbhich would combine

as ,zar as piss!bie of the follorL.= fe.t-"es:

(a&light-weight. low !=lk and cheap ca6s-traicton (dLsposable)

(b) cmiversal flr. in the helicopters of XM catiocs

(c) radiotr~nslucenc_

(d) adequate s=upport f'~r prcoe or sapine patient cariage

(e) stressing and st=Z-pufrit location to pe~nlt winch-baist

(f) a disposabie shield to provide corer for threash-trees hoist

(g) flotation in the evett of "dItchian

(h) suitability for utilisatio in external "tannier" storage.ii. zh a device could enhbace casualty management enormously b7 reducing the awant
of patient handling in ',' sit. A casualty would thus be subjected to ninimal
urnecessary disturbance during pick-up. carriage b$ air. ky hznd. LT road. duria X-ray
investigation, and during surgical trezaamt.

5. Mere zhould be collaboration on the design of inexpensive, low-lx)k and light

resuscitation apparatus to provide positive-pressure cyclic pulmonary ventilatica with
orygen and also facilities fbr suction to =aintain a satisfactory air-may. The apparatus

should function independcntl] of aircraft power or oxygen supplies and be sufficiently
robust to withstand rough hadling during winching etc.

6. Aircrew fatigue studies are vitally important but experience indicates that
progress in the easurenent iind analysis of the mechanisms of physiological disturbance
is unlikely to be rapid. It is essential that imediate attention is given to the

aselioration of those features of the aircrew task and environment which engender
fatigue. These include:

(a) better seating with reduction of transmitted vibration

(b) better acoustic insulation

(c) better instrumentation and controls

(d) development of reliable autostabil.Lsation systems applicable to utility and

light helicopters

(e) improved visibility with miniral distortion and internal reflection

(f) provision of better wips and holders for in-flight use

(g) provision of warning devices to sense the proximity of cables and other hazards

(h) aids to pre-flight preparation such as the on-board display o.' all-up weight

and centre of gravity location

ii



M1 irv-resLe-' of emerg-ascpicma set motIrs, da-lethaIlsatlem of th~e COCIVIL.
fire s~rressiam. Izp=a16 fire prere~tcmi bT !fee tr-- aw4 -&Del 11-_e design
ctigces arc.

7. Studies of future Tebzcle desIV3 and dev:-q~rmt reqmirewmts sbold be continued
amd their results v~deXT cirmlated.

9-.. LFrye
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